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INTRODUCTION 


Two new eye colors have appeared in my cv'tures of Drosophila 
ampelophila. Both mutations show sex-linked inheritance and are of 
more than ordinary interest since their genes are new members of a 
complex multiple allelomorph system which up to this time has consisted 
of the three recessive mutant eye colors, white, eosin, cherry, and their 
dominant allelomorph of the wild fly. 

MorGaN and his students have postulated that the genes for the sex- 
linked mutations, white eyes, eosin eyes, and cherry eyes, lie at the same 
locus on the X chromosome. In support of this view the evidence is 
advanced that the three mutants show no crossing over with each other. 
Moreover all three mutants show the same crossover value with any 
other sex-linked mutant. The numerical data in so fat as it bears on 
the localization of the genes may be interpreted in two different ways: 
(1) That the material particles which bear the characters from genera- 
tion to generation are arranged on the X chromosome in a linear series 
and that the genes for white eyes, for eosin eyes and for cherry eyes 
are very close together, possibly in juxtaposition. (2) That the gene 
upon which the red of the wild fly depends has changed in at least three 
different (independent) ways, giving rise respectively to white eyes, 
eosin eyes and cherry eyes. 

The second view is preferable since it will account for the fact that 
a new color is produced in the F, when any two of these forms are 
hybridized. This is contrary to expectation on the first view; for if 
these factors lie at different loci on the X chromosome, then on crossing 
some of the mutant members of this system, red-eyed females of the 
wild type should be produced. In the female the two X chromosomes 
are both present and if the mutants are expressions of changes that have 
taken place at different levels in the chromosome then each chromosome 
would supply the normal allelomorph to the missing or changed gene 
in the other chromosome and normal conditions would be restored, that 
is, red-eyed females would be produced. But such is not the case. 
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Granted on the first view that the genes are arranged serially and closely 
linked, it seems not improbable that in the female, where the different 
members are compounded and the possibility of the interchange of ma- 
terials is known to take place, that occasionally a break between the 
genes in question should occur with the production of a so-called cross- 
over class. But in thousands of cases in which this particular crossover 
has been looked for“no such individual has been found. In short the 
evidence goes to show that the red eye of the wild fly is affected by a 
unit of some kind lying at a definite locus on the X chromosome and 
that the unit has mutated in five different ways giving rise to white, 
eosin, cherry, tinged and blood. 


Part I. ON THE ORIGIN, DESCRIPTION AND INHERITANCE OF TWO NEW 
SEX-LINKED EYE MUTANTS 


I. ORIGIN AND D:SCRIPTION OF THE TWO NEW SEX-LINKED EYE 
MUTATIONS 


a. Origin and description of blood 


“Blood” first appeared July 10, 1914, in a culture of wild stock. The 
parent stock originally came from Seattle, Washington, and had been 
in captivity for about one year. The culture had been examined many 
times but up to this time no unusual forms had been found. It is highly 
probable, however, that the original mutant had been overlooked since 
seven males made their appearance almost simultaneously in the stock 
bottle. This stock with about thirty others from different localities had 
been kept in a refrigerator for some time and it might be supposed that 
the reduced temperature was responsible for the mutation, but subse- 
quent experiments have shown that reduced temperatures are not potent 
in the production of mutants. 

The new eye is a dark red corresponding in color to a blood stain as 
made on white absorbent paper by blood rich in hemoglobin. In fact 
the color corresponds to next to the highest color on the hemoglobin 
scale as devised by TALLQuist. The metallic fleck so apparent in the 
eye of the wild fly is relatively inconspicuous. As the fly ages the eye 
darkens somewhat and the metallic fleck disappears. When the flies are 
first hatched and for some time after, the eyes are somewhat translucent. 
The eye has the least margin of light around the border suggesting that 
the red has retreated from the surface. These observations were made 
many times during the winter of 1914-15. The cultures at this tirhe 
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were kept at living-room temperature. The temperature at night how- 
ever dropped much lower. Under such conditions the hatching period 
is about twenty-five days. I dwell on this since it may give the key to 
a peculiar fact about this color which will be discussed later. 

When the fly first appeared it had very light eyes, despite the fact that 
it had been kept in an ice-box. The temperature in this box however 
during very hot summer weather was not so cold on the average as the 
living-room temperature during the winter. The temperature in the 
chest was probably never lower than 19° C and at times was higher. 
During the summer of 1915 my cultures of blood had very light eyes. 
Some of the bottles during the hot days of July completed development 
in about eight days and to my surprise the eyes of these flies were almost 
white. They darken with age to almost the characteristic blood. It 
would seem from this that the temperature has something to do with 
the color of the eye as it appears at the time of hatching. Most of the 
experiments recorded in this paper were carried out during the cool 
weather and the eye color remained practically constant during this time. 

I have spared no pains in order to determine whether or not this 
mutant is identical with any of those described by Morcan. I am abso- 
lutely certain that it is different. It is true that it resembles pink, but 
no confusion of the two can be made since they behave quite differently 
in heredity. I have reared pink for more than three years. 

The only other mutant with which blood is likely to be confused is 
cherry especially since their behavior in heredity and linkage relations 
are identical. After long study with these two forms under uniform 
conditions I have learned that the two are different. Both forms show 
a range of color due to differences in age and other conditions, but 
cherry does not give any such range of color as does blood. In the 
cherry eye the pigment has apparently retreated farther from the surface 
than in blood and this apparently allows the light to penetrate to a 
greater depth. The pigment in the blood eye seems to be uniformly 
distributed while in the cherry eye there is just the least hint of a clump- 
ing of pigments. The cherry eye holds its translucency longer than 
blood. 

My students have tested my conclusions in regard to the difference 
between these two eye colors by breeding the flies under as nearly uni- 
form conditions as possible and submitting both lots to me for identifica- 
tion. In a great many trials I have not failed to make the proper 
identification. The fact that there is a difference is made certain by 
the bicolorism that appears in the sons and daughters when blood and 
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cherry are crossed. Attention will be called to this phenomenon later 
in the paper. 
b. Origin and description of tinged 

“Tinged” is a new sex-linked mutant that arose from wild stock. 
On November 2, 1914, while examining some 2000 flies that had 
hatched from over-ripe bananas that had been kept in a large fruit jar 
plugged with cotton, one tinged male was found. The bananas were 
obtained at a fruit store where for over a year I had been accustomed 
to collect wild stocks but up to this time this locality had yielded no 
unusual forms. The jar had been in the laboratory for about two weeks 
when the count was made. The flies had never been exposed to ether 
and I can think of no causative agent in connection with the origin of 
this mutation. Experience has taught that mutations are rare phe- 
nomena and until they can be produced experimentally on a large scale 
it seems almost futile to speculate on the origin of this fly. It is highly 
probable that this was the original mutant of its kind since several bottles 
of the red-eyed flies were selected and inbred for a long time, but no 
tinged appeared. 

Tinged shows only a slight amount of color. In fact it could easily 
pass for white if one did not have both forms to compare. There is 
about the same difference in color between tinged and white as there 
is between a red and a white corpuscle as seen under the higher powers 
of the microscope. The difference is real and the two classes can be 
separated when seen in good light on a clear white background. From 
the plate of sweet peas as given in PUNNETT’s Mendelism, 1913, Plate 
IV (opposite page 80) I infer that there is about the same difference 
in color as there is between a white flower and a tinged one. The 
tinged flower is possibly a little darker red than the fly. 


Nomenclature 


The mutant, white eyes, is designated by w. The dominant normal 
allelomorph to w is red and is designated by the letter W. Eosin is w’, 
cherry is w‘, blood is w’, while w‘ designates the gene for tinged. The 
female is designated by XX and the male by XY. 


2. BEHAVIOR OF BLOOD WHEN CROSSED TO NORMAL WILD STOCK WITH 
RED EYE 


a. Red @ by blood g 


When the blood males are bred to the red-eyed females all of the off- 
spring had red eyes like the mother. There were 214 red-eyed females 
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and 191 red-eyed males. These, when inbred, produced in the F, gen- 
eration the different classes in table 1. Approximately one-half of the 
grandsons were like the grandfather. This is the expectation in the 
second generation provided blood is a recessive sex-linked character. 


TABLE I 
F, from red 2 by blood 6. 














Number | Red 22 Red dé | Blood ¢¢ 
I 87 46 37 
2 5 32 } 19 
3 163 55 | 62 
‘Total 308 wei _ 133 aoe 118 





b. Blood 2 by red ¢$ 


The reciprocal cross in which the blood female was mated to the red 
male gave 2408 red females and 2074 blood males in the F,. All of 
the sons were like the mother and all of the daughters were like the 
father. No exceptions are recorded in a total of 4482 flies and none 
is expected unless some disturbing factor like non-disjunction should 
interfere. When these flies are inbred all four classes are realized in 
the ratio of I : I : I : 1 as the formula demands. The results are 
given in table 2. 


TABLE 2 
F, from blood @ by red &. 





Number Red 92 Blood 92 | Red dso | Blood dd 
I 81 99 70 | 83 
tat 119 109 04 116 
2 140 115 108 | 110 
2a 33 2 32 | 29 
3 67 80 65 | 63 
3a 101 096 72 86 
4 45 2 | 38 | 41 
4a 31 34 23 | 21 
Total 617 | 604 502 | 549 





1 The numbers 1, 1 a, 1 b, etc., indicate the first, second, third, etc., broods raised from 
the same mother. 
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3. BEHAVIOR OF TINGED WHEN CROSSED TO NORMAL WILD STOCK WITH 
RED EYES 


a. Red 2 by tinged 3 


When the red-eyed female is mated to the tinged male all of the off- 
spring, both sons (200+) and daughters (200+) have red eyes. 
When these are inbred the tinged eye recurs, affecting one-half of the 
grandsons but none of the granddaughters. The results are given in 
table 3. 


TABLE 3 
F, from red 2 by tinged &. 














Number | Red 9° Red od Tinged od 
I | 100 45 39 
2 58 24 28 
3 39 21 18 
4 47 35 30 
5 80 46 44 
6 71 19 | 34 
7 87 33 44 
8 78 34 39 
9 113 49 35 
10 71 37 36 
II 18 6 5 
12 70 29 33 
13 59 30 21 
14 82 33 27 
15 66 23 26 
16 | 39 17 12 
17 | 148 76 | 56 
18 44 | 24 24 

Total | 1270 ! 581 551 








b. Tinged 2 byred $ 


Evidence that tinged is a sex-linked character is given by the reciprocal 
cross in which the tinged female is mated to the red-eyed male. In the 
F, generation all of the sons (155) have tinged eyes like the mother, 
while all of the daughters (156) have red eyes like the father. This 
is the typical case of criss-cross inheritance which the case demands. 
In the F, generation all four classes are realized in equal proportions 
as given in table 4. 
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This evidence is conclusive that blood and tinged are sex-linked 
characters. 


TABLE 4 


F, from tinged @ by red 6. 

















Number Red 99 | Tinged 92 Red o¢ | Tinged bd 
I 15 14 9 | 13 
Ia 25 | 29 21 | 41 
1b 48 31 37 40 
2 53 38 49 38 
2a 83 60 77 65 
3 20 30 19 25 
3a 24 29 31 34 
3b 13 21 30 29 
3c 58 61 60 44 
4 37 | 49 37 29 
4a 68 68 78 72 
5 21 | 22 19 14 
5a 21 | 17 | 14 14 

Total 486 | 469 481 458 











Part II. ON THE LOCUS OF THE GENE FOR THE NEW SEX-LINKED 
MUTANT, BLOOD 


I. LINKAGE OF BLOOD AND WHITE 


When the white female is mated to the blood male the expectation is 
that all of the sons (501) will have white eyes like the mother and all 
of the daughters (468) will be white-blood compounds. In a total of 
969 no red-eyed flies appeared. The F, were inbred with the result that 
all four classes appeared in the next generation, as given in tables 5, 
6 and 7. 
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TABLE 5 
F, from white 2 by blood &. 
White-blood 
Number White 99 compound 99 White oo Blood ¢¢ 
I IOI | 92 06 QI 
1a 74 | 60 68 72 
1b 44 35 55 41 
2 78 76 76 78 
2a 79 | 77 89 71 
2b 13 | II II 12 
3 89 | 93 82 90 
3a 86 71 69 73 
3b 30 32 20 19 
4 83 gl 77 83 
4a 53 51 73 58 
4b 17 14 18 12 
5 88 | 102 96 94 
Sa 29 60 62 43 
Total 864 865 892 837 
TABLE 6 
F, from white 2 by blood 3. 
" First bottles | Second bottles 
rT) eS, ee 
a l 
E White-blood| | |White-blood| 
Z, White | compound | White Blood || White | compound | White Blood 
ee SoS oo | 9 |. FF | #e SoS 
ice | 
I 49 5 58 53. |} og 14 11 15 
2 23 16 | 22 38 CO 16 8 14 15 
3 4 6 2 o | ° ° ° ° 
4 8 II 18 Io | 5 2 2 3 
5 40 54 38 41 | 20 | 13 10 14 
6 26 28 35 “« 4 10 | 10 8 II 
7 26 32 29 15 || 17 | 15 8 14 
8 24 29 2 26 20 15 17 12 
9 15 21 19 20 1 | 15 18 9 
10 29 30 36 38 21 15 11 20 
II 42 28 32 26 12 18 ; 18 
12 66 80 85 39 40 2 31 
13 89 72 101 84 | 27, | 2 14 II 
14 101 100 92 2 80 | 77 69 74 
15 132 113 113 103 25 22 17 16 
16 98 119 109 124 52 41 29 41 
17 95 116 106 go 96 106 106 81 
18 126 107 129 112 68 80 50 65 
19 2 36 30 30 
20 24 33 27 35 
21 17 17 22 12 
Total 993 1020 1070 981 606 601 496 533 
Genetics 1: N 1916 
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TABLE 7 


F, from white 2 by blood 6. 











































recorded in tables 8 and 9. 














TABLE 8 


3 “ First bottles | Second bottles 
a Nn n 
PBS U0" | ewer: meee Bo 
—E | 22 | 24 |White-blood \White-blood | 
Z E Z & = | compound | White] Blood] White | compound | White! Blood | White 
Z2 |4 ee PEISSISS)| PY PLISSISS 
— a \\ ieee — 
I 2| 2 43 oi | 33 i 39 27 | 32] 38 
2 4] 4 65 65 | 4 5° | 37 37 | 3°| 3° 
3 4 4 52 46 31 31 \ 32 23 | 30 29 
4 4 4 43 42 52 36 |} 15 19 20 17 
5| —| - = —| —-| —-]|| 39 38 | 28 | 40 
6 si & 37 38 41 33 || 33 24 22 28 
7 8 | 8 77 67 57 67 || 22 16 | 12 13 
8 —-|- a _— _ _- 20 “a ES 20 
:i- i = _ _ - - | ° 1} 3 2 
10 10 | 10 55 44 32 43 II 9 | 5 12 
II 22 | 37 | 73 64 41 47 25 28 | 15 18 
a ——_—— es I 
Total | 445 | 402 | 349 | 340 273 234 | 212 | 247 


In the reciprocal cross, in which the white male is bred to the blood 
female, all of the sons (370) have blood eyes like the mother. This 
results from the fact that the sons inherit their one X chromosome with 
its gene for the character, blood, from the mother. The daughters (312) 
on the other hand are white-blood compounds with eyes much lighter 
than blood. This results from the fact that she has two X chromosomes 
and is a compound of two modifications of the same gene. Inbreeding 
the F, of this cross gives evidence in accordance with expectations as 


F, from blood @ by white 2. 


























Number 








130 
71 
48 


Blood and white-blood compound 


ee 















249 





Blood | White 
foimeos | JS 
68 | 68 
26 | 42 
23 | 20 
| 
| 
117 | 130 
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TABLE 9 
F, from blood Q by white 3. 





























| First bottles | Second bottles 

“MRE paceae hens IRE es sane 

E | Blood and white- | | || Blood and white- 

Zz | blood compound | Blood | White} blood compound | Blood} White 
| ee | SS SS ee SSI SS 
Me eet. a 

I | 73 2 | 47 ! 16 5 6 

2 | 76 36 | 36 || 23 17 13 

3 | 79 19 28 || = = = 

4 | 34 15 | 22 || 17 8 | 5 

5 26 10 | 8 | 14 13 7 

6 | 27 7 | ws 14 7 7 

7 | 20 wo.) © 14 13 10 

8 43 a an ee 29 8 8 

9 47 | 24 | 23 | 21 II 14 

10 | 33 18 | 25 | 29 18 13 

It 35 28 | 2 | 28 | § 8 

12 | 139 80 | 79 | 181 79 73 

13 179 79 | 78 18 Za. 8 

14 } 252 126 | g2 | 112 i a 4! 

15 220 | 92 | 94 | 194 | 77 | 87 

16 | 269 III 127 | 68 | 10 16 

17 104 43 | 54 | _ Beall 2 

18 | 42 x1 | % | 321 | 139 oe 

19 — } — | — 92 25 2 

Total | 1698 | 767 | 793 | 1181 | 481 | 473 
| ‘ | 














A summary of tables 5, 6, 7, 8 and 9, gives a total of 18149 F,’s 
from the cross between blood and white without the appearance of 
a single red-eyed fly, which is in accordance with expectations on the 
theory of multiple allelomorphs. 


a. Bicolorism in the F, generation from blood 2 by white 3g 


It is of interest to note that bicolorism results in the F, generation — 
from the cross of the blood female to the white male. This condition 
in the female results from the compounding of w°X and wX. The 
white-blood compound female is distinctly lighter than her blood 
brothers (w°XY) or blood sisters (w°w°XX). The white in some way 
reacts with blood to produce a lighter color. Some of the F, males and 
females were kept under observation. The males turned somewhat 
darker—a characteristic of blood stock. The white-blood compound 
females on the other hand became but very little, if any, darker. After 
more than thirty days their eyes were distinctly translucent, in marked 
contrast to the darkened condition of the blood stock female. To put 





Genetics 1: N 1916 











546 ROSCOE R. HYDE 


this difference to a test I selected from a mixture of homozygous and 
heterozygous females 18 of the darker females of the suspected compo- 
sition w°w°XX and bred to white males wXY. This gives a crucial test, 
for if they are of the formula suspected, none of their children should 
have white eyes. Asa matter of fact one in the eighteen was questioned 
and this yielded some white eyes. Seventeen were of the formula postu- 
lated. Thirty-two females of the suspected formula w’>wXX were bred 
to white males and gave white offspring according to expectations. Two 
were questioned; one proved to be w°wXX and one w°w°XX. 


2. LINKAGE OF BLOOD AND EOSIN 


MorcGan and BripGeEs (1913) demonstrated that eosin lies at the same 
locus in the X chromosome as white. It has just been demonstrated that 
blood lies at the same point in the chromosome as white. The evidence 
which follows substantiates the expectation that eosin and blood should 
lie at the same locus. 

The eosin female crossed to the blood male produced 109 eosin males 
and 141 eosin-blood compound females. These when inbred produced 
in the next generation the classes as given in table 10. There are no 
reds in a total of 7297. 


TABLE 10 
F, from eosin @ by blood 6. 

















a a First bottles | Second bottles 

© n ° a |- — - | 
Y ae 2 , 
= Be | B2 | Eosin and | || Eosin and 
5 ESO | £% | eosin-blood | || eosin-blood 
Zz Z E aa | compound | Eosin | Blood |} compound | Eosin | Blood 

| 22 | SSP| ASS] 22 | SS] oA 

| | | | a 
2 & | © | 143 65 | 62 | 271 | 129 12 
3 ei 8) 85 | 39 | 37 || 140 79 104 
4 6 | 6 | 9! a ae oak 147 67 71 
5 6 | 6 78 |} 45 60} 194 89 112 
6 ct 4 103 so | 47 133 60 57 
7 5 *« 152 | 62 | 63 || 139 50 61 
8 5 a. “ye a i a i | 161 38 65 
9 5 5 | 17, | 60 | 52 139 43 47 
1o 5 5 | 142 , = | oe 334 | 8 98 
II II 4 | 147 + | a 268 | 107 3 125 
12 7) MS 154 a) ae 59 22 19 
13 23 12 | 167 67 | 76 | 100 44 38 
14 10 8 100 62 | §9 139 52 51 
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In the reciprocal cross in which the eosin male is crossed to the blood 
female there were 89 blood sons and 111 eosin-blood compound daugh- 
ters. These inbred produced in the F, the classes as given in table 11. 
There were no red flies in either the F, or Fy. 


TABLE II 
F, from blood 2 by eosin 6. 














Blood and | 
eosin-blood | 
Number | compound 9? | Blood od Eosin oo 
I 204 56 87 
2 149 61 77 
3 38 13 18 
: ~ Total 301 > 130 182 








The eyes of eosin stock males are about half as dark as the female. 
The stock breeds true to this condition. If blood lies at a different point 
in the chromosome than eosin it follows that red females are expected 
among the children of the cross. But no red daughters were found. In 
order to test the possibility of a break occurring between eosin and blood 
(which is the expectation if they lie at different levels on the chromo- 
some) 8000 F,’s as recorded in tables 10 and 11 have been produced 
and not a single red-eyed fly has appeared. 

The eosin-blood compound female (w°w°XX) is lighter than blood 
(w>w°XX) but darker than the eosin female (w°w°XX). I have classi- 
fied the blood and eosin-blood compounds together in tables 10 and I1 
to save labor. They can with some difficulty be separated. I have been 
able to separate them in cultures two weeks old, showing that the dif- 
ference holds for some time. In table 11, w*w°XX is lighter than 
ww’XX but darker than w°XY. 


a. A bicolored mosaic female with two male eyes 


A mosaic female appeared in the F, of a cross between the blood 
female and eosin male, that is of unusual interest in a consideration of 
the effects of bicolorism that result from compounds. This female was 
genotypically an eosin-blood compound of the formula w°w°XX. Females 
of this composition normally have eyes lighter than blood but darker 
than eosin of the eosin female. This female differed from her sisters 
(500 +) in that her right eye was typically blood and her left eye was 
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eosin, typical of the eosin male. In short she was a mosaic with two 
male eyes, one w°X and one w’X. The contrast between the two colors 
was marked and interest in the case is heightened by the fact that the 
eye of the eosin male is much lighter than that of the eosin female. 

By way of explanation it is probable that an egg (w°X) from the blood 
female was fertilized by sperm (w*X) from the eosin male. The presence 
of two X’s determined femaleness and with w® and w” present the eosin- 
blood compound should have resulted, as it did in all the sisters. If it 
be assumed that in the development of the fertilized egg the X chromo- 
somes became separated (somatic reduction) in the cells that went to 
form the right and left eye, carrying with them w? and w’* respectively, 
then each eye would show the color which we know they do give when 
they occur singly in the males. This case would seem to show that eye 
color is determined by the material carried to the eye by the chromosome 
complex and not by some secretion given off by the sex glands. In other 
words the bicolorism is not a direct result of compounding the allelo- 
morphs in the female. It is not due to femaleness as such. The bicolor- 
ism is an indirect result in the sense that in the female two X chromo- 
somes are present and consequently the two modifications of the same 
gene are carried to the eye where the complex asserts itself (HyDrE and 
POWELL 1916). 


3. LINKAGE OF BLOOD AND CHERRY 


All the evidence shows that cherry lies at the same point in the chro- 
mosome as white, and since blood lies at the same point as white the 
inference is that blood and cherry are at the same locus. 

The cherry female mated to the blood male produced in the F,, 156 
cherry males and 156 cherry-blood compound females. The fact that 
no red-eyed females were obtained, is consistent with expectations. The 
cherry-blood compound female eye is practically indistinguishable from 
the eye of the cherry male. This was verified in flies at different ages 
and in several crosses. 

On inbreeding the F, no red-eyed flies are produced, but a relation 
comes to light which shows beyond a doubt that cherry and blood are 
different mutants. The males are separable into a lighter and a darker 
class corresponding to cherry and blood (table 12). I interpret this to 
mean that cherry and blood are different mutants, for if they are iden- 
tical no such difference would result. Cherry and cherry-blood com- 
pound females cannot with certainty be separated. 
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TABLE I2 


F, from cherry 2 by blood 6. 


Cherry and 
blood-cherry | 


Number | compound 99° | Cherry od Blood é¢ 
I | 50 20 22 
la 38 26 16 
Ib 34 20 13 
Ic 60 39 30 
1d 44 25 19 
2 16 ce) 9 
2a 06 22 26 
2b 74 32 42 
2c 82 80 27 
2d 77 43 | 31 
3 40 12 16 
3a 36 27 26 
3b 23 8 6 
3c 21 13 5 
4 68 43 31 
4a 50 47 20 
4b 57 31 27 
4c 44 - 24 
5 8 oO 2 
5a 57 33 27 
5 b 96 54 52 
5c 37 2: 18 
5 d 33 30 10 
6 254 127 109 


Total 1395 777 608 


The foregoing conclusion is borne out by the reciprocal cross in which 
the blood female is crossed to the cherry male. The sons (166) are 
darker than the daughters (242). The males are blood like their mother 
while the females are compounds. These when inbred produced the four 
different classes as given in table 13 without the appearance of a red- 
eyed fly. 

These facts show that despite the fact that there is a close resemblance 
between blood and cherry they are different mutants and that cherry is 
a lighter color than blood. 
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TABLE 13 


F, from blood @ by cherry 2. 





Number 


Ia 
Ib 
te 
1d 


2a 
2b 
2c 
2d 


3a 
3b 
3c 


ee 
ano fw 


ananAN woounm uw 
of} ae ed 


6c 
6d 


Total 


Cherry-blood 




















Blood 92 =| compound $2 Blood é¢ Cherry oo 
17 | 17 19 26 
21 24 20 27 
23 16 14 28 
34 34 25 32 
30 35 31 34 
9 9 9 5 
27 26 28 28 
38 \ 28 18 34 
25 13 28 30 
69 55 47 54 
33 27 19 IZ 
13 14 II If 
4 8 8 5 
38 29 31 33 
2 2 2 3 
13 13 9 9 
15 2: 15 22 
33 33 30 26 
21 16 32 17 
3 2 I 6 
9 10 8 15. 
9 5 6 18 
I2 12 6 15 
15 13 16 9 

6 7 5 3 
60 55 40 58 
17 22 26 38 
28 33 28 28 
18 17 17 16 
642 608 549 646 








4. LINKAGE OF BLOOD AND YELLOW 


Yellow is a sex-linked body color allelomorphic to gray of the wild 


fly. It shows close but not absolute linkage with white. 


If blood and 


white lie at the same locus in the chromosome the expectation is that 
they will give the same (numerical) crossover classes in crosses with 
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yellow. To determine the linkage, females with red eyes and yellow 
body color were crossed to the new stock, males with gray body color 
and blood eyes. In the F, there were 60 gray red daughters and 51 
yellow red males. When these were inbred the different classes were 
realized as given in tables 14 and 15. 
























































TABLE 14 
F, from yellow red 2 by gray blood &. 

8 Females | Non-crossover males Crossover males 
4 a — 
3 Gray red | Yellow red | Yellow red | Gray blood | Yellow blood} Gray red 
I 19 14 7 II ° ° 
1a 23 18 20 18 ° ° 
1b 22 | 23 28 28 ° I 
7 44 | 31 | 2 40 ° ° 
2a 20 26 | 35 | 29 fc) ° 
2b 41 41 \ 29 35 I I 

3 70 3 | OCU] I ° 
34 | 35 30 35 | 35 | ° ° 
3b | 35 | 32 29 | 36 ° I 

| } 
‘| 30 19 20 | 15 ° ° 
4a | 24 20 20 22 I ° 
4b 26 | 25 26 18 ° I 
| | 
5 | 44 | 29 20 | 26 ° ° 
5a | 43 | 24 28 26 ° I 
5b 28 25 26 | 28 I ° 
Total | 504 | 390 411 | 421 4 5 
| ” 
TABLE I5 
F, from yellow red 2 by gray blood 6. 

g Females Non-crossover males | Crossover males 

— |—— — | ) 

Z Gray red | Yellow red || Yellow red | Gray blood Yellow blood Gray red 

Pe ae = ss 
I 27 23 18 32 | I 2 
1a If | 5 5 II | ° ° 
Total | 38 | 28 23 43 | I 2 














These tables show that this experiment differs in the F, from the re- 
sults obtained in previous experiments in this paper in that crossover 
classes are obtained. The crossover classes, as has been explained, are 
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explicable on the assumption that yellow and blood lie at different levels 
on the chromosome. Yellow is not a member of this multiple allelo- 
morph system, but it lies very close to it, since the crossover classes with 
blood are very small. There are 12 crossovers in a total of 910 males. 
The ratio of the crossovers to the total number of males gives the cross- 
over value of 1.3. This is interpreted to mean that yellow lies at 1.3 
units from the point under investigation. Yellow has been shown to 
be the farthest point at the left end of the X chromosome. Its locus is 
designated zero. We infer that blood lies at 1.3 to the right of yellow. 
These numbers are too small upon which to base a very accurate meas- 
urement but they correspond with the crossover value 1.1, which has 
been obtained between yellow and white. 

Evidence on the linkage between blood and yellow is given by the 
reciprocal cross in which the gray blood female and the yellow red male 
were used as the parents. In the F, there were 197 gray red daughters 
and 164 gray blood sons. On inbreeding these flies there appeared in 
the F, a total of 3851 males of which 108 belonged to the crossover 
classes. This gives a crossover value of 2.80 which is somewhat higher 
than in the previous cross. Detailed counts are recorded in tables 16, 
17 and 18. In the first series of bottles (table 16) there are 1885 males, 
57 of which are crossovers, a crossover value of 3.02. In the second 
series (table 17) from the same parents the crossover value is 3.32. In 
the third series (table 18) of bottles from the same parents the cross- 
over value is 2.45. The evidence from this is not conclusive that cross- 
ing over between characters in the X chromosome may change with age. 
In another series of experiments in which the crossing over between 
characters in this chromosome has been tested, no change concomitant 
with age has been found. 


5. LINKAGE OF BLOOD AND MINIATURE 


It seemed desirable to study the linkage of blood with some mutant 
whose gene lies at a greater distance than does yellow from this multiple 
allelomorph locus. Accordingly miniature was chosen, since it has been 
shown to give a crossover value corresponding to its locus of 36.2 with 
other members of this system. 

Miniature is a sex-linked wing mutation characterized by the fact that 
its wings extend but little beyond the tip of the abdomen. It is an ex- 
cellent form to contrast with an eye color because its viability is high 
and the crossover classes are easily recognized. 

The red miniature female crossed to the blood long male produced 














TABLE 16 
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F, from gray blood 2 by yellow red & (first bottles). 








o Females 
i i ae ere | 
g Gray Gray 
Z blood red 
I 25 18 
2 15 3 
3 20 16 
4 10 5 
5 14 | 10 
6 | 18 | 18 
7 | 8 | 6 
3 ‘a 9 
9 16 | II 
10 3 26 
II 12 97 
12 103 87 
13} 135 117 
14 17 | 9% 
15 138} 96 
16 164 | 63 
17 ' 54 
18? 146 | 148 
19 34 3° 
20 12 9 
21 78 44 


Total 1288 962 


1 Plus one gray white male. 
2 Plus one gray white male. 


Number 


BAO oN ORW WH 


—_— 
ou 


Gray 
blood 


Females 


Gray 
red 


wromoon 


mum w 


| 
-| 
| 


Non-crossover 


Crossover mal2s 














males | 
Gray | Yellow Gray | Yellow 
blood red | red blood 
II 18 I ° 
12 2 | ° ° 
17 15 ° ro) 
7 5 I ° 
9 5 ° ° 
14 14 I ° 
5 7 I ° 
II 9 ° ° 
10 6 ° ° 
26 27 I ° 
129 74 ° 2 
82 g2 2 3 
122 75 8 4 
106 80 ° 4 
113 69 5 I 
123 45 3 4 
69 35 2 ° 
113 96 5 5 
29 II ° ° 
12 I I ro) 
88 34 2 I 
1108 720 33 24 
TABLE 17 


Non-crossover 


F, from gray blood @ by yellow red 3 (second bottles). 








males 
Gray | Yellow 
blood red | 
5 2 
8 ° 
7 2 
2 4 
13 12 
9 4 
5 ° 
8 5 
8 2 
8 I 
33 15 
87 80 
63 75 
154 71 
410 273 


Crossover males 


Gray | Yellow 
red 


—-NWNOOK KO OF O 


w 


blood 


es Ne OM OOK OOOO 0 


| 
| 


“I 
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in the F,, 134 red long daughters and 104 red miniature sons. 
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These 


were inbred and produced 740 crossovers in the F, in a total of 1964 


males. 


corded in tables 19 and 20. 


TABLE 


18 


F, from gray blood 2 by yellow red 3 (third bottles). 





| 


Non-crossover 








> | Females 
> SD CS ie 
E | Gray {| Gray 
Z blood red 
11 | 100 86 
12 77 66 
13 77 42 
14 | 104 | 62 
16 7o | 52 
17 | 104 71 
19 | 109 71 
20 | 103 69 
21 | 130 136 
os 67 _ 41 
Total 941 696 


be Females 
o | 
2 YS 
E 
cad Red Red 
Z long (miniature 
I 2 23 
2 14 II 
3 9 II 
4 13 12 
5 2 16 
6 oa 22 
7 6 II 
8 } a 14 
9 12 | 15 
10 16 | 21 
12 | ao 59 
13 | 109 | 106 
14 | 108 | 127 
15 ae 98 
16 | 108 | 101 
17 _ a 10 
m8 | 44 | 50 
Total | 719 | 707 





males 
| Gray | Yellow | 
|| blood | red | 
72 | 51 
_ 38 
60 | 49 
go | 43 
42 38 
103 | 82 
81 56 
82 | 41 
88 | 39 
eee ws) Ee 
SE. ME 
TABLE I9 


| Crossover males 








Gray 
red 


COfPNNNNN KF KN 


I 





wlOOmeWwWOnr eS 


Yellow 
blood _ 





Non-crossover 





F, from red miniature 2 by blood long & (first bottles). 


Crossover males 


























males 
Blood | Red Red | Blood 
long (miniature) long miniature 
16 21 10 | 5 
7 8 3 4 
6 6 2 10 
8 | 10 7 I 
7 6«6|l~Clo6 8 9 
20 | 23 11 15 
2 | 10 4 ° 
a I 2 9 
ae 6 3 
13, | I0 4 6 
43. | 49 21 9 
2 60 28 40 
49 | 62 35 38 
S | 36 38 
75 | 47 46 38 
ae. 2 3 
15 | 34 19 13 
377 | 431 | 244 | 241 








This gives a crossover value of 37.6. Detailed counts are re- 
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TABLE 20 
F, from red miniature 2 by blood long & (second bottles). 





Non-crossover | 








5 Females ndien, | Crossover males 

Q ss =o 

: | | 

= Red | Red Blood | Red Red | Blood 

long miniature long miniature. long |miniature 

I 13 12 8 14 . 4 3 

2 13 9 14 2 2 | 4 

3 15 12 7 10 I 2 

4 14 8 12 5 4 | I 

2". 14 4 5 4 I 

6 13 16 6  ) 4 5 

7 7 7 3 6 3 5 

8 2 9 6 9 2 | I 

9 8 7 9 6 2 5 

10 9 17 5 7 a 3 

II : 5 2 ° ae 

12 47 38 21 30 am | 

13 47 35 4 38 | 19 5 

14 45 72 12 33 Ss | 3 

15 86 73 34 67 39 | «21 

> a os: oe 17 oe ee oy |, — 
Total 409 383 164 250 152 103 





The reciprocal cross is given in tables 21 and 22 in which the red 
miniature male is bred to the blood long female. In the F, there are 


TABLE 21 
F, from blood long Q by red miniature 3 (first bottles). 


| 
Crossover males 





-( Ss “4 
Females Non-crossover 























3 males 
=| | | | pa? 
2 Red | Blood | Blood | Red | Red | Blood 
long | long long miniature) long miniature 
| oy } 
| 
I 63 33 22 44 24 16 
2 33 | 31 13 17 12 II 
3 SS 7 3 3 I 
4 26 21 17 II II 12 
5 17 | 16 8 18 2 8 
6 a 18 12 14 4 4 
7 18 | 18 13 9 4 7 
8 35 | 28 | 19 9 16 12 
9 15 17 8 8 5 9 
II 94 | 118 54 68 an oe, 
12 119 137 69 73 43 | 46 
13 52 | 49 2 34 a oe 
14 144 | 120 77 88 no 6] C37 
15 61 | 40 47 38 20 EB. 
16 4o. | 5° 2 27 18 = 
178 105 go 87 66 45 | 39 
| 
Total | 847 | 790 495 $27, | 291 | 270 








3 Plus one white long male. 
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169 red long daughters and 140 blood long sons. When these were 
inbred there appeared in the F, a total of 2799 males, 1073 of which 
were crossovers. This gives a crossover value of 38.3, practically the 
same as in the previous experiment, as is to be expected. 


TABLE 22 
F, from blood long 9 by red miniature 3 (second bottles). 





Non-crossover : 

. Females aaling Crossover males 
4 ae ene 

3 Red Blood | Blood Red Red Blood 
4 long long | long miniature long miniature 

I II 13 4 6 5 2 

2 6 8 4 5 8 ° 

3 6 3 4 3 2 ° 

4 II 13 9 I 5 I 

5 16 13 9 5 2 2 

6 12 3 2 I ° ° 

7 13 15 9 3 7 4 

8 12 38 4 5 I 4 

9 6 13 7 3 5 : 
1 165 144 75 62 64 43 
12 158 148 80 70 70 44 
13 63 60 20 21 18 9 
14 118 122 72 78 49 53 
15 193 80 54 88 7 42 





Total 790 643 353 351 | 306 206 





The totals from the cross and its reciprocal give 1813 crossovers in 
a total of 4763 males, a percentage of 38.1. This expresses the linkage 
between miniature and blood. This substantiates the claim that blood 
lies at or very near white, since it gives the same linkage with miniature 
that such an hypothesis demands. 


Part III. ON THE LOCUS OF THE GENE FOR THE NEW SEX-LINKED 
MUTANT, TINGED 


I. LINKAGE OF TINGED AND WHITE 


The method followed in this part of the paper in determining the 
linkage of tinged is practically the same as that employed in the case 
of blood. 

When the white female is crossed to the tinged male all of the sons 
(494) have white eyes like the mother. This fulfills our expectations 
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since he receives his one X chromosome from the mother. The daugh- 
ters (499) on the other hand have very light eyes representing a com- 
pound of w and w*. This is to be expected, provided tinged is a member 
of the same allelomorphic system as white. When the F, is inbred all 
four classes are realized in the F, as given in tables 23 and 24. These 


TABLE 23 
F, from white 2 by tinged 6. 


First bottles 
— neha 





“Second bottles 


a 
; | White | 
and Tinged | and Tinged 





White 














| n 3 
&B | BS | B8 
es | #2 | a= tinged- and | tinged- | and 
3 | SE es white | White | white _| white 
| £3 {& (compound So \compound) fo 
| 29 99 | 
ee ees See eee |—_-—__ —_—_ 
I I I 23 28} —- | — 
4 I I 13 20 | _ os 
5 I I 29 7 a = 
38 I } I 14 19 96 Ill 
9 I I 18 2 oe - 
10 I | I 33 37 xe ai 
12 I I 37 2 -- — 
13 I I 30 38 — _ 
14 5 5 127 148 — -— 
15 5 5 150 110 65 69 
16 3 2 24 a 2 36 
17 24 j I 23 21 117 106 
18 5 5 52 32 69 46 
19 5 5 30 24 82 60 
20 5 5 36 52 47 40 
21 5 5 39 27 83 63 
22 5 5 73 76 51 28 
2 5 5 62 69 2 38 
2 5 5 80 61 60 73 
Total 893 848 774 670 
TABLE 24 
F, from white 2 by tinged 3. 
| Females Males 
Number White-tinged | 
White | compound | White Tinged 
= —___—_—. ie Ne a Ors 
I 46 | 49 44 46 
18 67 | 53 ! 66 73 
2 25 | 35 3 30 
2a 77 81 52 61 
ae eae Sa ; 
Total | 215 218 196 210 
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flies occur in the ratio of 1 : 1 : 1:1. There are 4024 F,’s without 
the appearance of a single red-eyed fly. 

The linkage between white and tinged was also tested by means of 
the reciprocal cross. The tinged female and white male were used as 
the parents. In the F, there were 105 white-tinged compound females 
and 75 tinged males. These when inbred produced in the next genera- 
tion the classes as given in tables 25 and 26. The white and tinged 
males are classified in the same columns in order to facilitate counting. 
The different classes can however be separated and in several bottles 
not recorded here the white and tinged males in the F, from this cross 
do occur in practically equal numbers. The point of interest here is 
that in a total of 11701 F,’s from white by tinged not a single red-eyed 
fly appeared. Crossing over between tinged and white could not have 
taken place. 






































TABLE 25 
F, from tinged 2 by white &. 
— — 
ay ae First bottles | Second bottles 
be | Oo ° in = ee ein eae Paes 
4 53 § 5 | Tinged and| Seeth out babe - 
k= S tinged-white| Tinged and white |'tinged-white| -.. ‘ 
2 E z Es compound | Jd compound Tinged and white 
Z =e 1 ee he oireos 
eee. je 40 =n Pi 
2 | I I 38 29 a ae 
3 } & rt | 44 32 es am 
4 | a I 46 43 | = —_ 
5 | I 1 | 112 go ae — 
6 I -_ 47 35 — _ 
8 I I 107 104 —— — 
9 I I 39 34 = a 
Io I I 26 15 si bi 
Il I eI 116 | 116 = ams 
12 I | I 34 | 37 —- —_ 
13 $i 3 68 | 68 178 163 
14 . 108 10y 207 89 
16 2 36 35 200 162 
17 =) = oo — 203 185 
19 ar oe 31 34 = = 
20 a 12 14 153 159 
21 5 5 137 131 177 187 
22 3 3 43 | 63 ~~ ~ 
23 . 2 47 | 56 | 58 41 
25 0 | «fe | 68 | 77 41 36 
26 _ — | — | — 96 84 
27 a). 2) 23 bad i 
Total 1209 1185 1313. | 1106 








2. LINKAGE OF TINGED AND EOSIN 


The eosin female bred to the tinged male yielded 130 eosin-tinged 
compound females and 139 eosin males. The eosin-tinged compound 

















TABLE 26 


F, from tinged 2 by white 3. 
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First bottles 


i} 
1] 
| 


Second bottles 











3. |% | 

5 Si ete 
2 eo 1/ 85 | Tinged and 
E |e | 2S [inged-white 
z | Be I Es compound 

|Z Za 
3 as 
= 
6 
8 | 
a 
II 5 5 103 
we 5 133 
13 5 5 15 
15 | 
m6 | 5 5 73 
17 | 19 19 12 
18 10 10 67 
19 | 33 6 43 
20 | 

Total 446 





| 
} 
| 
| 





Tinged and white | re enn Tinged and white 
SS | 99 oes 
eee ee 
46 | 33 
53 35 
gz | 39 
66 58 
28 | 10 
88 157 156 
115 113 102 
8 114 98 
70 73 
89 87) 74 
3 82 59 
39 99 66 
38 gI 67 
— — 45 2 —EEEE 
380 1143 895 


|| Tinged and 

















female is of the same color as the eosin male. 


eosin female. 


the eyes of the eosin stock. 


TABLE 27 


F, from eosin 9 by tinged 3. 


Attention has already 
been called to the fact that the eosin male is about half as dark as the 
The presence of wt in the compound female w'w°XX 
obliterates in the F, the sexual dimorphism that normally characterizes 











| 
| 
| 
| 


First bottles 








8 Eosin a. Eosin al 
E ‘commend | Tinged Eosin | yore ati Tinged Eosin 
a 29 ios oie oy | ee oo 
I | 34 10 12 68 48 30 
- = 137 59 64 93 20 43 
a 140 78 87 75 33 60 
4 119 | 43 31 28 9 13 
5 101 | 2 37 121 47 50 
S 4 106 43 65 74 27 32 
| 72 | 31 30 25 7 13 
8 48 15 33 155 56 76 
9 162 45 68 178 53 63 
10 ° | oO re) 42 37 19 
12 137 45 | 76 69 27 37 
13 98 | 45 56 21 26 16 
14 116 | 54 49 12 3 8 
15 | 34 15 24 2 I 2 
16 | 48 | 20 27 47 32 34 
Total | — 1396 | 535 | 659 1010 426 496 


Second bottles 
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On inbreeding the F, of this cross all four classes are realized in the 
F, in equal proportions, as given in table 27. The eosin and eosin-tinged 
females have been classified together in order to facilitate counting. In 
a total of 4522 flies recorded in the F, of this cross not a single red-eyed 
fly appeared. 

The reciprocal cross was also made. The tinged female was mated 
to the eosin male. There were 166 eosin-tinged compound daughters. 
and 175 tinged males. The eosin-tinged compounds are a little darker 
than their eosin brothers, but lighter than eosin females. These flies 
when inbred produced in the F, four classes in practically equal numbers 
as given in table 28. Ina total of 2760 F,,’s no red-eyed flies were found. 


TABLE 28 
F, from tinged @ by eosin 6. 


Females Males 























Number | Eosin-tinged | | 
Tinged compound | Tinged Eosin 
I 119 136 | 107 107 
2 | 103 97 | 58 79 
3 90 112 | 90 113 
4 | 58 81 | 57 | 47 
5 | 87 69 68 70 
6 | 64 84 59 | 46 
7 93 | 114 | 69 | 66 
8 107 104 106 100 
Total 721 | 797 614 | 628 
TABLE 29 
F, from cherry @ by tinged 6. 
Females | Males 
Number | | Cherry-tinged i i 
Cherry | compound Cherry Tinged 
I 31 28 25 | 29 
2 | 37 | 36 36 | 41 
| ‘ 
Total | 68 | 64 61 | 70 








3. LINKAGE OF TINGED AND CHERRY 


The cherry female mated to the tinged male produced in the F,, 208 


cherry-tinged compound daughters and 188 cherry males. 


* The eyes of these flies were as light as eosin males. 


The com- 
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pound females are much lighter than their cherry brothers. In fact the 
cherry-tinged compound is as light as the eosin male. These’ flies when 
inbred produced in the F, four classes as shown in table 29. In a total 
of 363 F,.’s no red-eyed flies were found. 

The linkage between tinged and cherry was studied in the reciprocal 
cross. The tinged female was crossed to the cherry male. All the sons 
(255) have tinged eyes like the mother. The daughters (274) are 
cherry-tinged compounds with eyes darker than their brothers. These 
flies when inbred produced 1217 F,.’s without the production of a single 
red-eyed fly, which indicates that the linkage between tinged and cherry 
is absolute (table 30). 

TABLE 30 
F, from tinged Q by cherry 2. 











Females Males 
Number ; ~ Cherry -tinged : a me: < eats’ 
linged compound Tinged | Cherry 
; _|§ $$$ $ ___j —_—— 
I 76 42 61 54 
2 69 63 67 | 54 
3 62 47 | 59 59 
4 84 83 | 71 | 75 
5 38 37 | 65 | 51 
: SS 
Total 329 272 | 323 | 293 
| 





4. LINKAGE OF TINGED AND YELLOW 


The expectation is that tinged will show the same linkage relations 
as other members of the multiple allelomorph system when tested with 
yellow. The yellow red female crossed to gray tinged male gave in the 
F,, 11 gray red’ daughters and 7 yellow red sons. These were inbred 
and produced in the F, the different classes as recorded in table 31. 
There are 2 crossovers in a total of 147 males, a crossover value of 
1.4. The results are too small upon which to calculate a very accurate 
linkage value. It is evidewt that the crossover class is small, which indi- 
cates that the linkage between the two genes in question is very close. 

TABLE 31 
F, from yellow red 2 by gray tinged 3. 





"Females Non-crossover males | Crossover males 
, Gray Yellow | Yellow | Gray 
Gray red Yellow red tinged red tinged | red 





86 66 62 83 o 2 
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More conclusive evidence on the linkage between tinged and yellow 
is given by the reciprocal cross. The gray tinged female and yellow 
red male were used as the parents. In the F, there were 100+ red 
daughters and 100+ gray tinged sons. These were inbred with the 
results recorded in tables 32, 33 and 34. 

A summary of these tables gives a total of 2446 males, 49 of which 
are crossovers. This gives a linkage of 2.00 which corresponds favorably 
with 2.80 obtained in the cross between blood and yellow. The first bottles 
(table 32) give a crossover value of .86. The second bottles (table 33) 
from the same parents give a crossover value of 3.6. The third bottles 
(table 34) from the same parents give a crossover value of 2.8. 


TABLE 32 
F, from gray tinged 2 by yellow red 3 (first bottles). 





















































n | 

Ss |3s|ee Females Non-crossover males | Crossover males 
= 82/82 | 

E - ° | w ~~ | 

> | 88) 88 |. ; 
4 e 2 on B Gray red Gray tinged! Yellow red er tinged | Gray red | Yellow tinged 

, | 
| | 
I I I 13 7 16 17 | I o 
2 1} 4 7 14 10 | 9 . eS 
Oa ee. 13 4 3 | 6 ° 5 
5 rt 2 10 7 7 5 ° ° 
6 :| 5 10 6 8 ° ° 
i Be. I 5 5 | I I ° ° 
10 I I 17 15 | 14 12 ° ° 
11 I I 15 13 | 9 13 © ° 
si 2 I 2 22 16 13 ° ° 
13 1] 1 15 13 6 16 ° ° 
14 x} 3 15 17 13 19 ° ° 
15 ys II 13 | 16 17 ° ° 
16 I ay 23 16 15 12 ° I 
17 5 ‘| 16 12 5 17 ° o 
18 5 5; 46 34 34 43 ° ° 
19 af a 33 42 25 | 32 I ° 
20 a fo 54 55 34 43 ° ° 
21 poe. 27 26 13 | 12 ° I 
22 5 . 3] 40 26 17 | 31 ° ° 
23 5 5 | 45 32 | 18 28 ° ° 
24 § s | 2 35 | 23 32 ° ° 
25 Sf 2 bose 42 | 8 31 ° I 
26 | 10 | 10 19 18 6 18 ° ° 
27 10 | 10 | 18 18 14 17 ° ° 
28 10 | 10 | 84 73 | 62 | 61 2 I 
Total | 653 sm | oo | 33 ‘71 4 





5. LINKAGE OF TINGED AND MINIATURE 


The linkage between these two factors was first determined by cross- 
ing the red miniature female to the tinged long male. In the F, there 
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were 200 + red long daughters and 200+ red miniature sons. These 
when inbred produced in the F, a total of 6338 males, 2262 of which 
were crossovers. The percentage of the crossover class of the total is 
35-5 which expresses the linkage between tinged and miniature. De- 


TABLE 335 
F, from gray tinged 2 by yellow red 3 (second bottles). 

























































































8 Females Non-crossover males Crossover males 

— 

Z Gray red | Gray tinged | Yellow red | Gray tinged | Gray red | Yellow tinged 

17 4/4] 7 5 2 4 I 9 | °] © o o 

18 16 25 9 31 4 23 10 20 I I ° I 

19 8 17 6 15 x | © 5 4 I I ° 2 

20 27 20 23 15 24) W 2 5 3 ° ° 

21 33 14 26 8 mo i 7 18 12 ht ° ° 

22 2 22 28 19 a3) a8 II 23 oj} o I I 

23 23 9 23 18 & p- 16 12 oj} 0 ° ro) 

2 20 10 14 7 a oe II ° ° ° ° 

25 37 16 2 7 7 i 6 34 II 3 ° ° ° 

26 22 27 II 28 5 17 10 2 ° I ° I 

2 21 22 14 22 9 II 7 26 | © I I ° 

28 9 37 2 43 5 8 7 21 | o I ° ° 
Total | 252 | 233 | 192 | 218 | 111 | 136 | 154 | 182 | 7 8 2 5 

TABLE 34° 
F, from gray tinged 2 by yellow red & (third bottles). 

3 Females Non-crossover males Crossover males 

E 

z Gray red | Gray tinged| Yellow red | Gray tinged} Gray red| Yellow tinged 

| 

17 19 13 19 7 14 | 7 7 9 ° ° ° ° 

18 36 25 22 12 23 18 18 19 ° ° ° I 

19 33 20 23 13 16 23 24 22 ° I ° ° 

20 44 23 20 20 24 15 23 16 ° ° ° ° 

21 26 16 2 17 17 23 24 24 ° 2 ° 2 

22 42 10 22 10 19 II 22 14 2 I 2 I 

23 34 32 41 II 17 15 37 12 ° ° I ° 

24 17 13 25 4 24 3 20 6 ° ° ° ° 

25 46 | 2 34 29 30 17 42 26 ° 3 I ° 

26 27 | 29 24 36 ° ° 

27 29 | 17 10 24 ° ° 

28 47 26 41 32 31. | a 2 30 I ° I ° 
Total} goo | 203 | 317 | 155 | 249 | 154 | 309 | 178 | 3 | 7 5 4 









































5 The left column under each type gives the count on April 5, the right column on 
April 12, from the same bottles. 

6 The left column under each type gives the first count, the right the second count 
from the same bottles. 
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tailed counts are recorded in tables 35, 36 and 37. In the first bottles 
(table 35) the crossover value is 35.0. In the second bottles from the 
same parents (table 36) the crossover value is 37.4 while in the third 
bottles from the same parents (table 37) the crossover value is 34.6. 
No change concomitant with age is evident. 

The linkage between the same points in question was studied by means 
of the reciprocal cross in which the tinged long female was mated to 
the red miniature male. There were 426 red long daughters and 396 
tinged long sons. These when inbred produced F,’s as given in tables 


TABLE 35 
F, from red miniature @ by tinged long & (first bottles). 














nn 
8 PE: 35 Females | Non-crossover males Crossover males 
UD dee Sree _s 
Z, ro Pa a |Red long Red miniature Tinged long Red miniature Red long Tinged miniature 
ka os a | | 
5 ae 4 23. «| 10 | 2 | 8 | 7 6 
2; I a 9 18 6 10 4 10 
ae. I 29 30 | 12 | 21 | 7 7 
4) 1 1 21 17 e 4 5 | 2 ° 
5} 1 I 15 | 9 | 4 | 5 2 3 
o£) 2 S | 5 ° I oO ° 
7) -e ) 2 10 | 13 7 3 2 II 
8} 1 I 22 23 7 16 4 5 
gj I 27 | 25 9 16 7 8 
10} I I a7 19 | 8 9 5 6 
a I 16 | 8 4 9 | 4 . 
12} I I 42 46 34 38 19 17 
13 I I 16 13 3 9 4 4 
14 I I 14 | 13 6 8 2 6 
15 I I Gy | 60 | 38 43 2 29 
16} 5 5 122 120 74 69 34 47 
17 5 5 
18 5 5 
19} 5§ 5 
20! § 5 
21} § 5 
22 5 5 
23; 5 5 
24; § 5 
25 5 5 
26 5 5 
27 5 5 
28 5 5 
29; § 5 
a4 5 
° ° 
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TABLE 36 
F, from red miniature 2 by tinged long 3 (second bottles). 
8 Females | Non-crossover males Crossover males 
—E a ia 
z Red long | Red miniature | Tinged long; Red miniature} Red long ‘Tinged miniature 
16 a 32 | 4 18 | 15 | 9 
17 2 24 16 12 10 2 
18 53 15 17 | 4 20 | 2 
19 65 55 2 24 22 13 
20 17 35 | 19 8 . 14 | 5 
21 48 26 | 27 12 9 7 
22 48 43 13 II 17 6 
23 57 29 | 25 | 19 16 8 
24 60 58 24 40 16 19 
25 2 36 19 13 15 3 
2 2 22 9 5 9 3 
27 39 2 15 21 20 16 
28 58 36 15 18 | 18 9 
29 - 41 3c 7 21 II 9 
31 73 t 36 43 21 18 
2 13 17 II 13 9 2 
33 71 45 25 14 13 II 
34 | 74 62 25 34 26 12 
35 | go 103 57 49 34 31 
36 | 103 58 39 39 2 26 
37 | 101 81 52 53 2 26 
Total 1176 920 512 | 471 365 | 237 
fied beaks, Cet «ey ae ES Pe | 
TABLE 37 
F, from red miniature 2 by tinged long 3 (third bottles). 
SY ane oo 
3S Females Non-crossover males Crossover males 
= SS — pastioninatiatiininnmipeiigemennes = le LE ee 
sc = = 
> Red long | Red miniature Tinged long) Red miniature Red long | Tinged miniature 
19 57 81 35 35 22 
21 54 40 28 30 17 12 
2 70 55 37 26 22 2 
2 80 55 42 33 18 } 20 
2 55 80 30 2 19 10 
31 57 46 37 2 13 12 
33 57 69 25 36 II 21 
34 31 23 26 17 | 7 
35 101 : go 38 48 2 | 19 
36 58 2 21 20 13 II 
37 62 71 32 60 19 | 23 
Total 682 652 351 361 194 182 
38, 39 and 40. Tables 41 and 42 give results obtained in a repetition 
of the experiment. In a total of 7153 males obtained from this cross 
there are 2641 crossovers, a crossover value of 37.0 which agrees with 
35.5 obtained in the previous cross. 
Genetics 1: N 1916 
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The first bottles (table 38) give a crossover value of 35.8. The second 
bottles from the same parents (table 39) give a crossover value of 30.1. 
The third bottles from the same parents (table 40) give a crossover value 
of 37.4. In the second experiment the first bottles (table 41) give a 
crossover value of 39.3 while the second bottles from the same parents 
(table 42) give a crossover value of 35.3. The facts in this paragraph 
would seem to indicate that the coupling strength remains fairly con- 
stant with age. 


TABLE 38 
F, from tinged long 2 by red miniature 3 (first bottles). 





Number 


= OO ON ARWHH | 


22 


wNHNN WN 


ON Durk GW bt 


























Ls | wa y | 

3 3 3 - Females | Non-crossover males | Crossover males 

Se | 3a | 

Pe Mee fn Gn ee a ee 

= z | a Red long Tinged long |Tinged long|Red miniature Red long Tinged miniature 
I I 21 22 21 8 8 12 
I I 33 62 27 26 17 21 
I | I 14 2!I 9 12 | 4 10 
kT 3 40 25 19 10 | 8 6 
I | 4 13 15 9 9 5 8 
I I 28 7 8 22 34 5 
ct 63 34 17 25 8 | 41 
si 7 35 36 12 4 6 
oy a ee 14 9 9 6 5 
I | 1 | 18 14 9 7 2 8 
gr af 20 12 8 16 7 fe) 
.) @ | 2 21 16 32 6 12 
et +t = 26 13 19 13 7 
I 1 | 28 19 11 6 2 I 
I 1 | 10 II | 9 12 7 14 
I I 18 15 | 9 13 6 | 2 
9 3 | 16 II 8 | 7 2 4 
;| 3) ou m | 13 ‘ é 
ef $1 9 17 | 8 8 9 5 
se £1 Co) ° ° o ° ° 
sisi @ 2 22 25 | 45 9 
gf 2 t ose 19 15 9 | < 8 
4} 4] 2% | : | 30 15 7 I 
10 | 10 | 22 47 20 | 34 | 16 20 
10 | 10 | 64 45 2 46 | 13 II 
10 | 7 20 60 41 37 | 2 18 
Total | 670 619 409 432 | 230 | 223 








The total number of F,’s from both the cross and its reciprocal gives 
13491 males of which 4903 belong to the crossover classes. This gives 
a crossover value of 36.4. This agrees with the value 38.1 obtained 
between blood and miniature as is the expectation. 


6. LINKAGE OF TINGED AND BAR 


Bar is a sex-linked dominant mutant first described by Tice (1914). 
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TABLE 39 
F, from tinged long 9 by red miniature 3 (second bottles). 

— ee ee ee ee 
3S Females Non-crossover males | Crossover males 

E : ——_— — “f 

5 | 
z, Red long Tinged long | Tinged long Red miniature | Red long Tinged miniature 
I 38 | 32 16 | 27 II 9 

2 16 44 23 I 6 10 

3 29 27 13 7 16 6 

4 22 14 24 12 14 9 

6 54 56 16 13 29 | 10 

8 35 42 18 2 | 10 6 

9 | 29 15 14 10 | 8 | 5 

10 | 39 30 45 28 | 16 25 

a | 66 39 25 25 16 20 

12 21 18 17 18 5 15 

15 39 21 13 10 8 7 

16 2 2 9 2 8 2 

17 50 32 30 31 17 16 

18 ~ 36 II 17 II 5 13 

19 i | 43 23 47 2 10 

20 16 17 8 14 10 9 

2 36 20 15 15 5 17 

2 33 51 29 6 15 5 

26 76 16 9 2 14 | 6 

28 60 27 | 20 10 9 9 

Total | 734 578 384 337 245 209 
TABLE 40 
F, from tinged long 9 by red miniature & (third bottles). 

s Females Non-crossover males Crossover males 

I = : eet SE oe TN ee 
3 | a 
Z, Red long | Tinged long | Tinged long Red miniature | Red long Tinged miniature 
18 63 41 34 2 7 6 

19 55 41 35 33 21 21 

2 45 28 2 39 16 17 
22 44 36 16 21 18 10 
23 40 48 26 30 16 9 

25 41 50 17 25 19 7 

26 50 40 2 26 15 26 

27 61 60 28 28 2 18 

28 _ 54 he 56 et ae 27 Raw es. 2 a 

Total 453 400 238 252 | 168 131 





Flies homozygous for this character have a narrow vertical streak of 
an eye; the ommatidia on both sides are absent. The shape of the eye 
in normal wild stock is hemispherical and stands out in marked contrast 
as compared with bar. A fact of interest is that the heterozygous flies 
differ in eye shape from the bar of the homozygous. Heterozygous flies 
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TABLE 4I 
F, from tinged long 2 by red miniature & (first bottles). 


























n | 
3 x Females N we * | Crossover males 
m S 3 males | 
oO ° + | 
E & | — 
| | | 
5 | S r) Red | Tinged |'Tinged | Red | Red | Tinged 
Zz é $ long | long | long miniature long /miniature 
| 
| ] 
I 3 I 3 | ° ° ° ° ° 
2 8 8 39 | 17 14 6 16 
3 8 | 8 8 | a I 3 2 I 
4 8 8 108 | 102 . a | 76 23 69 
5 6 6 50 22 10 37 9 36 
6 6 6 95 | 2 78 | 25 30 
’ 6 6 64 63 18 2 | 15 | ag 
8 6 6 2 6 12 2 = | 8 
9 6 6 35 28 2 | 3 7 2 
10 6 6 79 62 2 | 49 25 | 36 
II 8 8 89 75 38 49 25 | 19 
12 4 4 go 62 34 73 26 | 34 
13 4 4 64 60 14 | 48 21 | 28 
14 | 10 | 10 38 2 19 | «Wy 8 6 
= i =e SR 49 48 ae | 8 | 5 
16 2 3 4 9 6 | 4 2 7 
17 15 15 40 I2 3 | 18 5 a 
18 15 15 54 60 25 36 12 19 
19 7 7 = —_ ee <= —_ 
20 56 45 93 | 139 S | - —= .| @ 
Total 1025 go8 330 674 258 | 392 





are characterized by the eye being irregular in shape, often kidney 
shaped. They can readily be separated from the homozygous flies and 
have been so recorded in the tables. 

The red bar female crossed to the tinged normal male produced 215 
heterozygous red bar daughters and 200 red bar sons. These when 
inbred produced the different classes as given in table 43. This table 
records a total of 2401 males, 1111 of which are crossovers. This is 
a percentage of 46.3 which expresses the crossover value between tinged 
and bar. 

In the reciprocal cross the tinged normal female and the red bar male 
were used as the parents. In the F, there were 735 red bar daughters 
and 670 tinged normal sons. These when inbred produced in the next 
generation the different classes as given in table 44. There are 10545 
males, 4672 of which belong to the crossover classes. This gives a cross- 
over value of 44.3. Likewise there were 11113 females of which 4920 
or 44.3 per cent are crossovers. The crossover value from both the 
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TABLE 42 
F, from tinged long 2 by red miniature 3 (second bottles). 
| Non-crossover 
. Females pretraeg Crossover males 
: Pao y 
3 Red | Tinged | Tinged | Red Red Tinged 
Zz long | long long miniature| long /miniature 
| | re 
1 39 | 37 10 =| 2g 14 15 
2 79 «| #63 49 | §2 27 13 
3 gt | 70 40 | 36 36 20 
4 59 | st | 4! |. ss 25 18 
5 150 109 73 | S85 33 53 
6 129 | 108 75 | Sd 38 24 
7 21 | IS 4 | § 8 4 
8 57 30 28 3 7 2 
9 86 81 64 | 4! i 38 22 
10 65 59 49 | 39 24 16 
II 108 | 101 76 me: 42 30 
12 66 47 20 | 20 21 
13 100 80 49 = - 29 16 
14 79 49 28 30 22 9 
15 34 46 21 13 10 5 
16 28 34 20 26 6 II 
17 95 | 85 43 42 5° 13 
18 33 20 | 18 II 5 5 
19 2 | 54 22 | @ 9 15 
20 | = | 83 42 2 17 20 
| 
Total | 1448 | 1222 763 | 693 460 332 
TABLE 43 
F, from red bar 2 by tinged normal 6. 
Females Non-crossover males Crossover males 
Number : ||— — —_——.—- 
Homozygous | Heterozygous} Red | Tinged || Red Tinged 
red bar red bar bar | normal normal bar 
I 6 7 I 5 2 2 
31 38 22 19 12 II 
21 23 15 15 2 9 
2 6 14 6 3 | 2 6 
46 65 28 | 33 | 26 19 
20 17 oe 10 9 10 
3 31 36 15 8 15 12 
28 21 10 | 10 8 9 
49 32 9 | 17 19 | 18 
4 67 71 42 | 48 67 18 
Total 305 324 169 | 168 | 162 | 414 
Total? 977 987 47° | 483 421 | 414 
Grand total 1282 1311 639 | 651 | 5§83 528 
— —— Te — as. ‘ nee — eee 
7 Unpublished data from Powe Lt. 
Genetics 1: N 1916 
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cross and its reciprocal is 44.4 (10703 crossovers in a total of 24059) 
which agrees with the crossover value between bar and white as obtained 
by TICE. 
TABLE 448 
F, from tinged normal @ by red bar ¢. 





Non-crossover class Crossover class 





| Normal tinged Bar red Normal red Bar tinged 
Le eae ES We COREE ae SSS. oes ees 
Females 3167 3026 | 2601 2319 
| 

_ | | 
| 

Males 2962 2911 2471 | 2201 
} | 











8 Compiled from the unpublished data of one of my students, Mr. Horace Powe Lt. 


7. LINKAGE OF THE TWO NEW SEX-LINKED CHARACTERS, BLOOD AND 
TINGED 


All of the evidence presented shows that blood gives the same linkage 
as tinged when crossed to other sex-linked characters. Since they have 
been shown to be allelomorphic to the same things they should be allelo- 
morphic to each other. The crucial test is given by crossing the two 
together. 

The blood female mated to the tinged male gave 407 blood-tinged 
compound daughters and 342 blood sons. There was one tinged male 


TABLE 45 
F, from blood @ by tinged 6. 























Blood-tinged 
Number Blood 99 compound 99 Blood é¢ Tinged dod 
I 65 64 70 56 
2 62 62 72 44 
3 96 105 73 117 
4 43 43 34 59 
5 115 127 102 99 
6 50 48 35 35 
7 81 101 68 93 
8 113 110 114 93 
9 125 128 127 122 
10 78 76 62 99 
Total | 828 | 864 757 817 











probably due to non-disjunction. 


does not darken with age as does 


Ta 
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blood. 


BLE 46 


F, from blood @ by tinged ¢. 
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No red-eyed females occur in the F,; 
they are blood-tinged compounds, much lighter than their blood brothers. 
The compound female is about the color of the eosin female. 
classes of grandchildren are realized in the F, generation and no red-eyed 
flies occurred in a total of 5399 (tables 45 and 46). 
can readily be separated from the blood-tinged compounds. The eye 


Four 


The blood females 





























TA 








BLE 47 


F, from tinged 2 by blood 6. 








First bottles Second bottles Third bottles 

_ || 
v a 
= Blood and | Blood and | Blood and | 
3 blood-tinged | blood-tinged blood-tinged 
4 compound |Blood Tinged) compound |Blood Tinged | compound | Blood) Tinged 

21S 2 [oxi SS] PF SSI SS] PP SH \ od 
I 5| 12 110 51 64 | 101 60 43 | 138 63 94 
4 | 9/9 98 | 33 60 79 51 30 172 71 94 
5 |9| 9 62 | 33 15 76 49 39 119 7° 41 
6 | 10] 10 15 10 4 -- _— _ 
7 60! 42| —. | oe 65 |.30 | 21 29 =| 7 

Total 285 | 124 141 336 200 137 458 216 | 236 





The reciprocal cross, tinged female by the blood male, gave 220 blood- 
tinged compound daughters and 196 tinged sons. 
produced the different classes as recorded in table 47, a total of 2634 
flies without the appearance of a red-eyed fly. 


These, when inbred, 














Blood-tinged 

Number compound 92 | Tinged 9° | Blood dé Tinged dd 

I | 55 69 | 54 50 

2 101 | 117 | 102 108 

3 84 99 | 67 87 

4 | 60 | 74 48 66 

5 73 106 106 100 

6 | 121 113 140 116 

7 146 152 98 122 
Total 640 | 730 615 649 
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Part IV. ON THE BEHAVIOR OF THE NEW SEX-LINKED MUTANTS BLOOD 
AND TINGED WITH A NON-SEX-LINKED MUTANT, PINK. 
A CONSIDERATION OF MULTIPLE FACTORS 


I. CROSSES INVOLVING THE FACTORS p, w” AND THEIR DOMINANT ALLELO- 
MORPHS P AND W 


Comment has already been made upon the resemblance between blood 
and pink. To one not familiar with these two colors they might readily 
pass for the same thing. In fact it is impossible at times to separate 
the two when mixed. Their behavior in heredity however is quite dif- 
ferent. STURTEVANT (1913) demonstrated that pink lies in the third 
chromosome. It is the purpose of this section of the paper to show the 
effect on eye color when the factors, p, w, w’, P and W, are brought to- 
gether in different combinations. 


a. Blood 2 by pink $ 
In F, there are 794 red females® of the wild type and 646 hetero-pink 
blood males with eyes much lighter than either blood or pink. This 
lighter color in the blood males is due to dilution caused by the hetero- 
zygosity for pink. The F, generation from this cross was obtained. 
Considerable variation in color results from the different factor combina- 
tions, as one might expect. The flies were separated into three colors: 


TABLE 48 
F, from cross between the blood . and pink 6. 


























pPwW XX| PPwwXX | ppw'wXX | pPWXY | PBWAXY | ppw'XY 
‘PPw°W XX| pPw>wXX | PPWXY | pPw°X 
|pPwW XX pw WXX || pPWXY | Pw XY | 
| I | ppW XY | 
Number |- my 
| Females | Males 
Red of wild | | | Red of wild | 
| type Light red | Very light | type Light red | Very light 
I 5! 52 13 | 43 |. 2 7 
| «3 | 6 | mw | #6 | & 7 
2 | 69 88 | 20 57 | 74 21 
33 61 | 10 32 48 9 
3 ae sa) 3 | wt] om 
95 | 127 26 62 | 126 2 
_ Total os 333 ss ™ 97 270 = ee 79 
Calculated | | , 
distribution | mt wt | gai - | = ° 
i 














9 Plus five very light females (plus one red male?) 
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(1) Red of the wild type; (2) Flies with eyes almost white; (3) Flies 
with varying amounts of red. Table 48 gives the flies as distributed to 
the three different classes. The calculated distribution shows the way 
in which the total should have been distributed. The writer was not 
influenced in classifying the flies to meet the demands of the formula, 
for the experiment was completed several months before the computa- 
tion was made. The close parallelism that exists between the observed 
and calculated numbers may be taken as evidence that a correct group- 
ing of the colors has been made. 

This experiment was repeated in order to keep under observation the 
range of colors that results in the F, generation. It was evident that 
some flies appeared whose eyes darkened with age, a condition typical 
of pink stock. It is evident from the formula that some pinks are de- 
manded. Table 49 records the results of this cross. The grandchildren 
are divided into four classes: Red eyes of the wild type; dark red eyes 
corresponding to pink; lighter reds; and flies with eyes almost white. 
The actual and calculated distribution of the total are in fairly close 
agreement. In making the calculation the reds were not taken into con- 
sideration since no mistake could have been made in their classification. 








TABLE 49 
F, from blood 9 by pink &. 
5 | Females Males 
< —————__—_—— - - 
g Red of Red of | ho 
4. Naess type Dark red Light red Very light||wild type| Dark red Light -" ~— itl 
= =e 
| 24 18 15 11 20 12 II 12 
1a | 57 11 49 2 58 3 45 5 
1b 14 4 8 I 10 7 12 | 2 
2 13 3 27 4 11 6 15 | ° 
he 3 3 29 I 30 
3 20 2 3 8 19 3 12 3 
3a 28 4 5 4 28 6 31 I 
3b 8 ro) 6 ! 5 re) 6 I 
| 
4 b> 3 9 31 5 5 9 36 5 
4a 95 8 78 6 82 6 70 5 
4b 33 16 2 16 5 12 I 
5 | 31 7 33 7 33 6 26 5 
5a 36 3 15 6 27 8 20 4 
5b ° re) 5 I 3 ° I 
Total | 337 50 317 45 332 48 285 30 
Calculated }| 246 S82 246 82 219 73 219 73 


distribution {| 
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b. Pink Q by blood ¢$ 


All of the F,, both sons'® (808) and daughters (847), resulting from 
this combination have red eyes of the wild type. These when inbred 
produced the different classes given in Table 50. The F, females were 
classified into two groups, red of the wild type and dark red which is 
a lighter red than the bright red of the wild fly. There were no homo- 
pink blood females as in the previous combination and the formula in 
this case demands none. The table gives three classes of males. I did 
not calculate the ratios which the formulas demand until after the ex- 
periment was completed, and consequently I was not influenced in 
making the classification. The parallelism that exists between the cal- 
culated and observed numbers shows that the grouping of colors and 
the grouping of the formula are in close agreement. 

TABLE 50 


F, from cross between the pink 2 and blood 6. 


pPw*WXX | ppWWXX | pPWXY | PPw°XY_ ppw’XY 
|pPWWXX | ppw°WXX || PPWXY | pPwXY 
|pPWWXX || pPWXY | pPWXY 
PPw°WXX | ppWxXY 
|/PPWWXX 


Females 


Number | PPw°WXX ae 
Males 





Red of || Redof | | 
| wild type | Dark red | Very light || wild type | Light red | Very light 











I 176 | 79 | ° | 88 | 120 25 
2 214 71 | ° | 82 103 20 
3 198 62 | ° 68 III 30 
——— ———_-———} ! 
Total 588 | 212 ro) | 238 [> | 57 
: 
Calculated ) : , 
distribution ¢ | 600 ore .’ 243 | 2F a 


In the F, of table 50 the formula ppWXY occurs. This would de- 
mand that one-fifth of the males, exclusive of the red of the wild type, 
should be typically pink. In a repetition of this experiment the males 
were separated into four classes as shown in table 51. The.observed 
and calculated distribution are in close agreement. It would seem from 
this that the pinks could be separated from the others with a fair degree 
of certainty. 


10 Plus nine exceptional males with very light eyes. 
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TABLE 51 
F, from pink 2 by blood @. 





























5 Females | Males 
rs ) | 
5 | Red of | | Red of, 
Z | wild type | Dark red | wild type | Dark red Light red | Very light 
| | 
I | 2 10 } 24 17 17 5 
130 | 13 | 63 10 | 39 2 
| 
2 - { = 33 19 14 5 
62 | Q 38 4 22 2 
3 37 | 6 | 19 4 3 
77 | “<a 35 4 2 2 
4 | 35 9 | 20 7 22 
120 14 57 8 32 II 
| ! | 
5 | 29 6 | 20 I | 20 2 
52 | II 27 7 22 7 
6 | 75 20 31 24 I2 6 
| 16 6 6 I 5 2 
97 16 52 7 32 3 
—_ nt Se : SEM RN — —_ 
Total | 831 139 425 113 270 53 
Calculated )| | 87 261 87 
distribution if | 














2. CROSSES INVOLVING THE FACTORS, Pp, w’, w', AND THEIR DOMINANT 
NORMAL ALLELOMORPHS, P AND W 


a. Homo-pink blood 2 by tinged 3 


The extracted “lights” which result in the F, from crossing the 
blood female to the pink male, are of the formula ppw°w°XX and 
ppw°XY. They are made by the recombination of the genes of the 
two recessive mutants and the stock is here designated as homo-pink 
blood. The expectation is that these flies will breed true. The stock 
has now been cultivated for more than ten generations. I have seen 
no less than 10000 of these flies and they breed true to type. These flies 
are just a shade darker than tinged. In order to measure the value of 
P as a color factor it was shifted, together with w” and p, in different 
combinations by crossing tinged and homo-pink blood stock. Table 52 
gives the way in which the different combinations of genes are expected 
when the homo-pink tinged female is mated to the tinged male. In the 
F, no reds of the wild type are produced. Both sexes however have 
redder eyes than either parent. The males (244) have darker eyes than 
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the females (346). This is the expectation since the female is a com- 
pound of two members of an allelomorphic system in which a lighter 
factor (w') is involved. Some of the F, males are almost as dark red as 
pink. In the F, four classes are produced. The males listed as light are 
as light as tinged; the light females are of the color of the extracted 
light; the dark males are darker than the dark females. 


TABLE 52 
F, from cross between the homo-pink blood 2 and the tinged 6. 










































































| pPw'w°XX | pPww'XX [ppw'w°XX ppw'w' XX! | pPw°XY PPw'XY ppw’XY| ppw'XY 
, | pPw>w?XX | PPw>w'XX | pPw°XY)| pPw'X Y 
3 PPww?XX | | pPww'XX | | | pPw°XY| pPw'X Y 
| ee 
: Females Males 
\Blood-tinged Very light and | Very “Almost 
Blood | compound | almost white Blood | Tinged | light | white 
| ei AUG i os Gate | 
I | 17 15 7 2 14 10 . i 2 
| | 
toe ae 9 | 43 47 m | 1% 
| | | | 
3 | 38 | 40 | 11 8 || 27 34 9 | 7 
4 52 | 37 9 8 || 36 42 nn ee 2 
Total | 157 129 40 27 || 120 133 a ae 
TABLE 53 
F, from cross between the tinged 2 and homo-pink blood 6. 
| pPwtw°XX PPw' w'XX ppw'w'X X| [ppwiw' XX) pPwXY| pPw'XY ppw'XY ppw'XY 
PPwtw°XX pPw'w'XX PPw°XY | PPw'XY 
b coal wXX prew Ax | |pPw'X¥ prw'xe 
re By SE ee beer ea ey 2 ones 
2 | Females "Males: 
2 | | |. Slightly | | | Like | 
| Tinged-blood "inged Practically | | eosin | Practically 
compound | Tinged | tinged white Blood | Tinged | male | white 
| Classed with | leoenad with | 
ae: | tinged aR EE tinged | 
aed | — | ee eres ecios Sateen 
r | 72 111 
2 | 71 140 
ea 57 99 
4 | 67 g2 
| 
5 | 65 104 | 
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b. Tinged 2 by homo-pink blood $ 


All the sons (102) from this cross are as light as tinged. The females 
(102) are darker than their brothers. The daughters are of the same 
color as the F, females of the former cross, with which they were di- 
rectly compared. 

Table 53 gives the combinations of the different factors as shifted 
together in the F, generation. 


c. Wild red @ by homo-pink blood 3 


The sons (101) and daughters (91) from this cross have red eyes 
of the wild type. These when inbred produced in the next generation 
the classes given in table 54. The parallelism that exists between the 
expected classes from the analysis and the observed results show beyond 
question that a correct assignment of genetic formulae has been made. 














TABLE 54 
F, from cross between the wild red 2 and homo-pink blood 2. 
PPWWXxX | ppw'WXX | PPWXY ppWXY pPw°XY ppw°X Y 
pPw°WXX | ppWWXX|) pPWXY PPwXY 
PPw WXxX | pPWXY | pPw°XY 
pPWWXxX | 
pPWWXX | 
pPw°WXX _ 
is Females | Males 
vu ae a > — | - - a — ee ee Fg ei EET 
= Red of | || Red of Very 
> wild type | Pink | wild type Pink | Blood light 
——— ee | ms |) pene a 
2 124 | 37 | 7 20 52 14 
. 131 32 | 5 14 | 60 10 
3 05 | 25 | 52 II 60 9 
4 |. | 56 ee $ 
Total| 4095 | 129 | 233 7 | 239 38 








d. Homo-pink blood 2 by wild red 


The sons!! (62) had eyes very much like those of blood stock while 
the daughters (105) had red eyes of the wild type. These were inbred 
with the results given in table 55. These classes conform to expecta- 
tions, as the formulas show. 


11 Plus five red-eyed males of the wild type. 
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TABLE 55 
F, from cross between the homo-pink blood 2 and the wild red 3. 


























pPw°WXX ppw'WXX) pPwow XX adiiaiona pPWXY ppWxXY tag | ppw°XY 
PPwoWXX | pPw’w°XX' PPWXY pPw? Y| 
Pe pPw°WXxX | PPw'wXX | PPWXY Bewxy| 
J ! | ee Seen 
= Females Males 
Z | | | | | 
Red of | Very light || Red of | Verylight 
| wild type Pink Blood | like eosin | wild type} Pink | Blood | like eosin 
ea 2 bes wee bie 4 
I 62 | 20 40 14 | 61 25 55 | 20 
| | a | | 
ps 56 | 12 29 3 | 62 im | 42 | 5 
2 ee ae oe eo ee 
Total | 171 | 42 104 | 24 | 177 oe | age | 33 
| } | 








In the preceding experiments we have dealt with the normal gene W 
and two of its modifications wt and w?” in their relation to the factor p 
and its dominant normal allelomorph P. This involves the problem of 
multiple factors. When both P and W are present the fly is red. If 
either P or W is present the eye is of a lighter color. If neither P nor 
W is present the eye is almost white. 


CONCLUSIONS 


1. This paper records the appearance by mutation of two new re- 
cessive sex-linked eye colors from the wild stock of Drosophila ampelo- 
phila. Tinged, as the name implies, has the least trace of color. Blood 
is a dull red resembling a dried blood stain. It does not show the bright- 
ness of the eye color of the wild stock. Blood may show a marked range 
of color depending upon cultural conditions. If the cycle of develop- 
ment is short, as happened during the warm summer months, the eye 
is almost white. The eye darkens to the typical blood as the fly grows 
older. If development is delayed the eye may be almost typical of blood 
when the fly emerges from the puparium. Both mutations show typical 
sex-linked inheritance. 

2. When white, tinged, eosin, cherry and blood are crossed with each 
other, no red-eyed flies appear in either the F, or F, generation. This 
fact when taken in connection with the independent origin of the five 
factors from red, proves that they form a system of multiple allelo- 
morphs. 
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3. Blood and tinged show the same linkage values with the sex-linked 
character yellow, and with miniature. These values agree with the re- 
corded linkage values for white, eosin and cherry when crossed with 
miniature and yellow. These experiments have added the following 
data upon crossing over. 








| Crossover 
Loci Total Crossovers | value 
y and w | 7354 171 a3 
w and m|_ 18254 6716 36.8 
w and B’ 24059 | 10703 44.4 








4. The conclusions are based on approximately 200000 flies. 

-5. A mosaic female appeared in the F, from a cross between the 
blood female and eosin male. The right eye was typical of blood, while 
the left eye was typical of the eosin male. The female was genotypically 
of the formula w°wXX, and since she is a compound she should have 
had eyes lighter than blood but somewhat darker eyes than the eosin 
female, as did all of her sisters, with which she was directly compared. 
The fact is explicable on the assumption that the two X chromosomes 
became separated after fertilization in such a way that w” and w® were 
carried to the right and left eye respectively. This suggests that the 
color is due to the chromatin complex elaborated in the cells of the eye 
itself and is not secondary in the sense that this color is influenced by 
some secretion given off by the sex glands. This conclusion is in agree- 
ment with the results obtained in the case of castration upon insects. 

6. The evidence goes to show that the linkage value of factors in the 
X chromosome does not change with age. 

Many of the experiments reported in this paper were carried out . 
simultaneously and verified independently by my students, LENorE Mc- 
Quinn, A.B., HELENA Mapes, A.B., ADAM Bow Les, A.B., HORACE 
Powe Lt, A.B., and RicHarp SiGLEr. The care and enthusiasm with 
which they carried on the work have been a constant source of help and 
inspiration. 

The colored plate (drawing by Miss WALLACE) accompanying the 
following article (Hype and PoweELt 1916) is an excellent reproduction 
of the eye colors. T. H. Morcan, under whose direction the plate was 
made, has helped in many ways in this study. 
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Septuple system of allelomorphs of eye colors, and a bilateral 
gynandromorph, in Drosophila ampelophila. 
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The accompanying plate shows a mosaic female that resulted from 
a cross between blood and eosin,—two mutant stocks of Drosophila. 
The right eye of this mosaic was typical of blood stock, the left was 
typical for males of eosin stock. Neither eye was of the color that 
characterized some five hundred of her sisters that hatched at the same 
time. In short the mosaic is a female with two male eyes. 

Eosin shows bicolorism,—the eyes of the females are practically twice 
as red as those of the males. The stock breeds true to this condition. 
Many experiments carried out with this fly show the genotypical for- 
mula of the female to be w°w°XX, the male w°XY. Blood is a new 
sex-linked mutation with eyes the color of a blood stain. The senior 
author has demonstrated that it is a member of the same allelomorphic 
system as eosin. Many experiments show consistently that the female 
formula is w?w’XX and the male w°XY (Hype 1916). 

The mosaic female in question appeared in a cross between the blood 
2 andeosin ¢. The females produced by this cross are of the compo- 
sition w°w’XX, the males w°XY. This relation is shown by the follow- 
ing diagram: 

Eggs from blood 9, w°X — w°X 
Sperm from eosin ¢, w°X — Y 
F, flies, w'w’XX, w°XY 
The females are eosin-blood compound with eyes much lighter than their 
blood brothers, but considerably darker than eosin females. 

The egg that produced this mosaic was of the formula w°X. Since 
this fly was a female the egg was evidently fertilized by a sperm of the 
formula w°X. The eyes according to expectation should have been 
compounds,—lighter than blood but darker than the eyes of the eosin 
female, as were 500+ of her sisters. The fact that one eye was like 
the eosin male, the other like blood is explicable on the assumption that 
after fertilization the complex involving w*w°XX became separated in 
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such a way that w>X was carried to the cells of one eye, producing blood, 
w*X being carried to the cells of the other eye, producing the eosin male 
eye. The result would seem to show that the eye color is not a result 
of the influence of some substance given off by the sex glands but is 
due to the chromatin complex carried to the cells of the eye itself. 

This fly was under observation for about thirty days. Her eyes were 
compared many times with her brothers, sisters, eosin stock and blood 
stock. She proved infertile and no trace of a sex comb or other male 
characteristic could be found. This case would seem to lend strong 
support to the view that mosaics may arise through a mitotic disturbance 
in which the X chromosome is involved. 

The second fly was a bilateral gynandromorph that appeared in a 
cross between the mutant stocks, truncate and white. These stocks had 
been inbred for many generations and no unusual forms had been found 
(Hype 1914). 

In a cross between a white-eyed, long-winged male and a red-eyed, 
truncate female the expectation is red-eyed, long-winged flies in the F, 
generation. Among several hundred offspring from this cross one fly 
appeared showing both eye colors and a long and a short wing. The 
white eye and the short wing were on the right side; the red eye and 
long wing were on the left side;—in short a bilateral gynandromorph, 
right side male, left side female. The short wing extended slightly be- 
yond the tip of the abdomen and was rounded at the end instead of 
squared. The short wing in all probability has nothing to do with the 
truncate condition, but is small, characteristic of the wings of males. The 
right eye is male, inherited directly from the father through his X chro- 
mosome. The white eye has a small fleck of red apparently buried near 
its center. Two spurs of a sex comb were present on the male side. 

The red eye on the left side is obviously female. The long wing 
would seem to be like the male but in reality its length is characteris- 
tically female. Females have larger bodies and correspondingly longer 
wings than the males. The difference that would result in a bilateral 
gynandromorph is obvious. We should expect the red eye on the female 
side of the gynandromorph to be larger than the white eye on the male 
side. Asa matter of fact this eye is considerably smaller. The reduced 
size of the red eye was probably inherited from the mother since small 
eyes were characteristic of this truncate stock. 

Cases of this kind, as MorGan (1914) has pointed out, are readily in- 
terpreted on the assumption that a mitotic disturbance involving the sex 
chromosomes occurs in an early cleavage in such a way that the cells 
on one side of the body get one X chromosome which develops male 
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characters, those on the other side get two X chromosomes which de- 
velop female characters. The fact that a small amount of red occurs 
in the white eye shows that the disturbance occurred relatively late, 
possibly during the differentiation of the eye itself. This fly died before 
her breeding qualities could be determined. 

The third mosaic arose from a cross between a red-eyed truncate male 
and a white-eyed long-winged female. The expectation from this cross 
is white-eyed, long-winged males and red-eyed, long-winged females. 
Among the children, however, there appeared a female with both eye 
colors and both kinds of wings. The white eye and the truncate wing 
were on the left side; the red eye and the long wing were on the right 
side. The short wing in this case was a typical truncate wing. The 
long wing was typical of wild stock with rounded ends. This female 
was mated to a long-winged white-eyed brother. The offspring were 
red-eyed long-winged males and females and white-eyed long-winged 
males and females in approximately equal numbers (table 1). It is to 


TABLE I 


Mosaic female by white-cyed brother. 





~ Truncate Truncate Red long White long - Red long White long 
22 — 22 29 ec ae 33 
re) Vv 75 70 65 65 


The count as given in this table was not verified by the senior author. 
be noted that no truncates appeared in this cross where the expectation 
is about seven longs to one truncate (HybDE 1914, page 210). With 
this exception this mosaic female is genotypically the same as her red- 
eyed sisters which were also tested. 

Each side of this mosaic is both maternal and paternal with respect 
to eyes and wings. The sex chromosomes probably divided normally 
during the early cleavage stages for had one become separated at this - 
time a gynandromorph would probably have resulted. The appearance 
of the white and red eye is explicable on the assumption of a later 
mitotic disturbance involving the X chromosome. No explanation is 
offered for the wings. 
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In the course of certain experiments to find out the frequency of 
the occurrence of primary non-disjunction in Drosophila (see BripGEs 
1916), I found a new eye color mutation, “buff” (July 28, 1915), which 
has proven to be a new allelomorph of white. 

Eosin miniature females had been mated to wild males, giving, as 
expected in the F, generation, eosin miniature males and wild type 
females. But along with these two kinds of flies, there appeared also 
in one bottle two, and in another eight, females which were long-winged 
like their normal sisters, but whose eye color was lighter than that of 
standard eosin females and a little darker than that of eosin males. 

These light-eyed females were put into a new bottle where they pro- 
duced offspring, having evidently been fertilized by their eosin miniature 
brothers. Unfortunately little attention was paid to the nature of the 
offspring of the females. Apparently a majority of the sons were eosin 
with some lighter in eye color. Only one of these males was bred, a 
miniature male whose eye color was much lighter than eosin, being a 
pale cream or “buff.” 

The experiments which are to follow prove that the buff color of this 
male is a new allelomorph of white. One of the important theoretical 
questions with respect to a new member of a series of allelomorphs is 
its origin, whether directly from the wild by a single act of mutation, 
or indirectly from an already existing mutant member of the series 
(see MorGAN, STURTEVANT, MULLER and BrinGes, 1915, Chap. 7). 
Because of the uncertainty with respect to the offspring of the original 
light females we cannot be entirely sure in this case whether buff arose 
from the wild type of the father or from the eosin of the mother. It 
seems more probable that the buff arose from the wild type of the father 
for on this view we may explain the light color of the mothers as eosin- 
buff compound, this light color being without explanation if the buff 
arose from the eosin. 
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The buff miniature male was mated to a wild female and gave in the 
F, generation only red daughters (195) and red sons (187) which 
shows buff to be recessive. About half the F, males but none of the 
F,, females showed the “buff” color, which is thus shown to be due to 














a sex-linked gene (table 1). Not one of the sons was eosin in color; 
TABLE I 
P, wild 22 X buff miniature $3. F, wild type 92 X F, wild type 3 ¢. 
| | ‘Total Crossover 
Non-crossover dd) Crossover do males | Crossovers value 
F, wild type 9? Buff min. wild type| Buff min. | 
612 _I__172 194 | 104 04 | 564 398 ~«| ORR 





therefore if buff is eosin plus a modifier which reduces the color to 
a pale cream then this modifier must be very closely linked to eosin. 
There remained besides this possibility still two other possibilities: buff 
might be a simple allelomorph of white or might be in another locus 
altogether. 

The amount of crossing over between buff and miniature (35.2 per- 
cent) is in agreement with the amount of crossing over between white 
and miniature, therefore the view that buff occupies the white locus 
seemed the more probable one. In subsequent generations (table 2) 
back-cross experiments were run which furnished in both males and 
females additional linkage data similar to that of the males of table 1. 














TABLE 2 
Wild type 2Q heterozygous for buff and miniature back-crossed to buff miniature 3d. 
Non-crossovers Crossovers | Crossover 
Buff min. Wild type| Buff Min. | Total | Crossovers} values — 
512 524 284 302 1622 886 | 36.1 





The buff females which appeared in these back-crosses were of iden- - 
tically the same color as the buff males. This is strong evidence against 
the modifier-view that buff is eosin plus a linked diluter; for of the 
great number of tested combinations of eosin with other eye colors (in- 
cluding specific diluters of eosin) there has not yet been found a single 
one in which eosin does not retain its bicolorism, that is, in which the 
females are not darker than the corresponding males. 

Between the two remaining possibilities, namely that buff is a simple 
allelomorph of white, and that buff occupies a locus distinct from white, 
we are able to decide by finding more accurately the locus of buff. This 
was done by finding the amount of crossing over between buff and yel- 
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low (yellow is at the zero point of the X chromosomes). Yellow, buff 
and miniature were used in the same experiment so that the occurrence 
of the very small double crossover class might give conclusive evidence 
as to the location of the genes. 

A buff miniature female was mated to a yellow male and yielded in 
the F, generation wild type females and buff miniature males. A few 
of these were inbred and gave (table 3) in the males the desired linkage 
information. The yellow buff miniature males were used to run two 
three-point back-crosses (tables 4 and 5). 


TABLE 3 
P, buff miniature 2Q X yellow $46. F, wild type 2 X F, buff miniature ¢. 














F,ferales | F, males 
‘Non-cross-| ly tyyw miy  ymjy)wt) 
overs Crossovirs || wt m| | w"” | | Im | Total 
oe, een are, ne [Yellow |  °#&4| | amales 
Buff Wild | Yellow Buff | buff Wild|Yellow Yellow 
No. min. type | Buff Min. | min. | min. type | min. Buff buff Min. | 
1 | 71 38 | 3 35 || 57 Go | 2 3 | 31 4 !/— — | 106 
2 4 309 | 6 37 | 4 +202 !]— 1/|/2 09) — — | 
3 39 =—50 24 22 || 33 34 I I 22 7 -_- - 108 
4 62 64 28 40 || 43 65 3 I | 20 28 —_ — 160 
5 43 52 m~ weiL_D @ i — ris memi-r- — | 
6 34 39 31 22 || 35 31 I — | 2 22 — — 117 
7 Ss @in of; i 3 1 | 24 23);—- — 121 
8 Gg 4 13 || 270 24 | — 2 | 13 8 ee = 74 
9\|4 B8|23 w | 33 w]| 1 3 | 8 24) — 1 | 120 
10 | 49 62 | 27 2 || 390 45 | 2 — | 27 2] — — | 14 
Totals 438 477 249 257 382 413 Il 13 228 236 o ey 
915 506 795 24 464 I | 1284 


TABLE 4 


Wild type 2 @ heterozygous for yellow, buff and miniature [Li ] back-crossed to 


yellow buff miniature males. 























y y | wt m | y | m i y | = 
wee m ] wee ] T ] m | 
Fa | Yellow | en | : = 
Buff | buff Wild | Yellow Yellow 
No. Yellow min. | min. type | min, Buff | buff Min. || To*al 
I 79 96 3 5 | 58 50 | — — | 300 
2 66 8s | — > |} 57 a — | 453 
3 56 50 | — I | 30 29 — — | 166 
4 74 oe ee. 6 | 45 54 I — | 257 
5 53 48 | 1 2 29 25 = — 158 
328 357 6 15 | 203 22 | I oO 
427 I 1134 
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TABLE 5 
P, yellow buff miniature 2 X wild bd. F, wild type [yw m] X F, yellow buff min. 3. 
yw" m | yy] Bu eS jm | 
| | lw m im | Tw] | 
| Yellow | 
‘buff = Wild) Buff Yellow Yellow Total 

No min. type | Yellow min. | buff Min. | min. Buff 
os. Ts 3 | 77 244) — - 

’ 42 29 I 1 | 16 19 | — = 

39 38 I — 17 7 | — 

2 32 3) — = 24 40 | _ — 

55 56 | _ 19 6 | Ff _ 

3 45 I — | 2 2 | — I 
ret 3g | — 1 | 24 7/— _ 
4 33 24 I jade II 22 _ — 

45 47 I 2 29 25 _ _ 

5 G@ st/ 3 <a 16 2 — — 

45 53 I 3 18 eG ie -~ 

6 36 35 _— — 22 21 _ _ 

35 27 I —_ 14 16 — _ 

7 7 28 az 2 13 7 | — = 
22 31 3 I 13 23 — —_ 

’ 30 33 = I II II _ — 

25 44 _— cai 18 18 _ _ 

9 25 29 —_ I 9 14 — _ 
29 36 I — 19 15 _ _ 

ml] 3st 32 | 2} 15 9 | — I 

{ 38 36 — 3 2 20 =— ic. 

II 52 31 I I 24 17 _ _ 
41 53 2 3 25 23 — — 

= ae. 6 2 1 | 24 3 | — _ 
53 66 2 2 26 26 — a 

13 } 40 42 I 2 21 21 _— _ 

{| 7: 8 2 1 | 43 si - on 

4 | 71 53 2 I 33 37 — I 
34 33 I — 16 21 I _ 

15 36-37 2 : 5 | — — 
oe sei % 3 | 29 40} — _ 

16 tl} 55 ee 4.) 2 2 27 33 ia — 

{| 38 51 I 2 24 21 na I 

7 || 34 40} 1 I 21 2} — _ 
1s wi: — |x 9 | — ~ 

18 t| 38 43 | 2 2 19 20 — — 
33 a ae _ 15 22 I 

19 43 37 | 2 I 15 5p} — “= 

{| 31 34 I I 19 30 _— I 

= 118. @ | I — | 3 25} — ~ 
1610 1650! 46 44 \ 826 035 3 5 

Totals 3260 90 ' 1761 8 5119 
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TABLE 6 
P, eosin 92 X buff miniature 63. F, eosin-buff 2 X F, eosin C. 
F, males eT oe 
F, Females Non-cross- | 
over 36 Crossover ¢ Total | Crossover 
Eosin | Buff | Eosin males values 
Eosin buff || Eosin min. | min. Buff 
81 83 || 66 68 | 35 43 212 37 
44 49 50 41 16 20 127 28 
71 80 46 40 30 18 134 36 
54 57 26 28 14 19 87 38 
261. ~+~«-260~*||:« 88 177 95 100 560 ee 
TABLE 7 
P, white 292 x buff miniature BS. F, white-buff 2 X F, white 3. 
F, males | 
F, females || Non-cross- | 
over do | (Crossover o | Total | Crossover 
White- || Buff | White | males values 
White buff ||White min. | min Buff | MT se 
| 33 47 || 29 25 | 14 14 | 8 34 
65 64 || 50 35 22 35 142 40 
45 43 || 2 2 II 15 | 82 2 
52 49 || 25 31 13 13 82 32 
215 203. | 128 123 | 60 77 388  — 
TABLE 8 
P, cherry 92 X buff miniature 8b. F, cherry-buff 2 X F, cherry 3. 
| F, males | 
F, females || Non-cross- 
| over oi Crossover ¢ Total Crossover 
E ~ Cherry-| Buff | Cherry males values 
Cherry buff | Cherry min. | min. Buff 
I “6 65 || 3 31 20 “20 109 34 
2 66 76 34 31 10 18 93 30 
3 74 75 i} 51, 51 35 28 165 38 
69 65 || 44 63 30 29 | 166 38 
275 281 || ‘167 176 | 95 ox | 533 a FH 








By considering the smallest or double crossover classes of tables 3, 
4 and 5, it is seen that all the data are consistent with the assumption 
that the gene for buff lies in the X chromosome between the genes for 
yellow and miniature, as does white. Furthermore the amount of cross- 
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TABLE 9 


Summary of linkage data. 











Crossover 
values by 
| | Crossover Morcan and 
Genes Total Crossovers values Bripces 
Yellow buf 7537 : 145 ae = oT] 
Buff min. 14811 5258 35.5 33.2 
Yellow min. 7537 2787 36.9 34.3 


| 











ing over between yellow and buff is approximately the same as that be- 
tween yellow and white or any of the other allelomorphs of white. 

These linkage experiments limit our possibilities still further; for if 
buff is due to a gene having no relation to white, then this gene must 
still be very close to the locus for white, since the linkage relations of 
buff are practically identical with those of white. The next series of 
tests effectually proved that the gene for buff must occupy the same 
locus as white. 

The other allelomorphs of white when crossed to each other give inter- 
mediates (“compounds”) and just such compounds were obtained when 
a buff miniature male was mated to white, eosin and cherry. In each 
case the F, generation yielded females whose eye color was intermediate 
between the two eye colors which entered the combination. The white- 
buff compound was the lightest of the three and the cherry-buff the 
darkest. No red-eyed flies appeared. 

The F, from the compounds furnished more compounds in the 
females, while the male counts showed that the amount of crossing over 
with miniature is the same for buff as for white, eosin or cherry (tables 
6, 7 and 8). 

In conclusion, (1) The data have shown that buff is due to a sex-. 
linked gene whose linkage relations are the same as the linkage relations 
of white (table 9). (2) The occurrence of compounds effectually dis- 
poses of the possibility that buff is due to a gene having no other rela- 
tion to white than a neighboring locus in the chromosome. (3) Against 
the modifier-of-eosin view we have urged the strong argument of the 
lack of bicolorism in buff. (4) The linkage experiments have furnished 
evidence that no modifier could be separated from eosin by crossing 
over; for in 14251 flies in which such a crossover might have appeared 
none was found (table 9). (5) We are led then to the conclusion that 
buff is a simple allelomorph of white. (6) From the evidence upon the 
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origin of buff it seems more probable that buff arose from the wild than 
that it arose from the eosin. 

My thanks are due to Dr. C. B. Bripces for his interest in supervising 
the experiments and in the writing of this paper. 
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INTRODUCTION 


In a preliminary paper (Metz and Metz 1915), two mutations were 
recorded in Drosophila tripunctata Loew., and an undescribed species 
called “species B.”’ Since that paper was written D. tripunctata has been 
discarded because of its poor breeding qualities, and has been replaced 
by another species, Drosophila obscura Fall., which, together with 
“species B,” has been bred in large numbers during the last eighteen 
months. In both of these species mutations have occurred within this 
time. D. obscura has given rise to at least three, and “species B” to at 
least twelve. In addition, an eye color mutant has been found in a 
third species that was collected for cytological purposes and not bred 
extensively. Considering all four species together, nineteen mutants 
have appeared in our cultures. 

The most interesting of the mutants, at the present time, are the 
twelve in “species B,”—or, as I may now call it, Drosophila virilis 
Sturtevant MSS.'—because in this species at least three groups of linked 
factors have already been obtained and it seems probable that more will 
be evident when all of the twelve factors are tested out. Thus far only 


1 This species is soon to be described by Dr. ‘Sturtevant, to whom I am indebted 
for permission to use his manuscript name. 
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six have been fully tested. Three of these are sex-linked, two others 
are non-sex-linked and linked together, and the sixth is neither sex- 
linked nor linked to either of the others. In a subsequent paper I hope 
to report more fully upon the linkage phenomena when additional fac- 
tors are studied, and shall here confine myself mainly to a description 
of the various mutant characters and a brief account of their inheritance.” 


MUTANTS IN DROSOPHILA VIRILIS STURTEVANT MSS. 


Normal specimens of this species are dull brown in color with dark 
red eyes and slightly shaded wings. The males have no sex combs and 
neither sex has any color pattern on the body save four faint, dark 
stripes running longitudinally on the dorsal part of the thorax. The 
mutants, in the order of their appearance, are as follows: 


CF FI 


4 








FS 


Figure 1. Normal wing of Drosophila virilis Sturtevant MSS. Figure 2. Confluent 
wing. Figure 3. Axillary wing. Figure 4. Confluent axillary wing. Figures 5 and 6. 
Two types of concave wing. Figure 7. Acute wing. 





21 am indebted to my wife for making the accompanying drawings, and for other 
assistance during the course of the work. Acknowledgment is also due to Mr. JosepH 
KraFKa for aid in the breeding work. 
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Confluent (figure 2). Non-sex-linked, dominant; wing veins modi- 
fied. This was described in a previous paper (Metz and Metz 1915). 

Axillary (figure 3). Non-sex-linked. Wing veins modified by ac- 
cessory veins or branches, mostly in the apical half or near the inner 
margin of the wing; a variable character. 

Concave (figures 5 and 6). Non-sex-linked recessive. Wing shape 
and size modified; one or both wings concave instead of convex on the 
inner margin, or else reduced in size; hairs on arista curled instead of 
straight. 

Morula. Non-sex-linked recessive. Ommatidia of the eye irregularly 
crowded together instead of symmetrically arranged in rows. 

Yellow. Sex-linked recessive. Entire fly yellow instead of dark 
brown. 

Acute (figure 7). Non-sex-linked recessive. Wing shape and size 
modified; wings much shorter and narrower than normal, and pointed 
instead of rounded at the apex; the fifth vein frequently not reaching 
the margin; anterior pair of orbital bristles often absent. 

Steel. Non-sex-linked recessive. An iridescent, metallic, steel-colored 
spot in the center of the eye. 

Bald. Non-sex-linked dominant. Bristles around the ocelli, and fre- 
quently the ocelli also, reduced or absent. 

Black. Non-sex-linked recessive. Body, legs and wings black instead 
of dark brown; especially noticeable in the wings. 

Glazed. Sex-linked recessive. Eyes with a varnished appearance as 
if freshly coated with shellac, and with the ommatidia greatly dis- 
arranged. 

Magenta. Sex-linked recessive. Eye color dark purplish red or 
magenta, instead of the normal red. 

Forked. Sex-linked recessive. Bristles of the head and thorax 
aborted, twisted and forked, giving a singed appearance. 


ORIGIN AND GENETIC BEHAVIOR OF MUTANTS 

The first mutant to appear in my cultures of virilis was confluent, 
which arose in July or August, 1914. Its origin and behavior have been 
described in a previous paper (Metz and Metz 1915), and it is only 
necessary here to add some further data in support of the conclusion 
previously expressed, that confluent when present in duplex (“double 
dose”) has a lethal effect. This conclusion was based upon the fact that 
no homozygous confluent flies could be obtained, and that heterozygous 
flies when inbred give a ratio of two confluents to one normal, instead of 
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the expected 3 : I. 
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Subsequent experiments have borne out this con- 
clusion in every way. Not a single homozygous fly has been found 


TABLE Ia 


Confluent by normal. 


TABLE 1b 
Confluent by confluent, from confluent 
by confluent. 








‘Culture 
number 





















2122 
2127 
2138 
2148 
2150 
2151 
2156 
2159 
2160 
2170 





2033 


Normal 





132 
13 

10 
43 

10 

45 

61 

39 

50 
32 

26 

19 
34 

14 

29 
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27 


14 


73 
22 
28 
62 


795 


Confluent 





aS 
10 

9 

36 

15 

37 
42 
14 

77 
26 
38 
10 
30 
12 
26 
12 
23 
16 
47 
12 
27 
47 
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a Normal Confluent 
1327 | 21 36 
2025 | 29 50 
2024 73 98 
2026 | 43 58 
2027 19 23 
2028 31 90 
2030 44 73 
2032 14 36 
2048 58 99 
2050 33 | 40 
2061 45 | 61 
2105 13 20 
2106 8 | 13 
2107 3 7 
2108 17 | 36 
2109 32 46 
2110 23 63 
21It 24 | 41 
2112. 20 | 51 
2158 19 | 47 
Total | 569 | 088 

TABLE Ic 


Confluent by confluent from confluent by normal. 


‘Culture | 


number 
1341 
2072 
2168 
2169 
2174 
269 
V272 
V277 
V278 
V286 
~ Total — 





Normal 


51 
II 
20 
20 

6 
52 
17 
23 
16 
45 


261 


Confluent 


74 
17 
30 
26 
19 
88 
23 
55 
20 
76 


- a 














MUTATIONS IN THREE SPECIES OF DROSOPHILA 595 


among the hundreds I have tested during the two years (over thirty 
generations) since this mutant appeared. And the ratios have consist- 
ently been such as to indicate the absence of the homozygous class in 
matings of confluent by confluent. Some of these results taken at ran- 
dom from my records are shown in table 1. Three types of matings 
are given here for comparison: (a) confluent by normal, (b) confluent 
by confluent, in which the parents are derived from confluent by con- 
fluent matings, and (c) confluent by confluent, in which the parents are 
derived from confluent by normal. According to expectation some of 
the matings in (a) and (b) should give only confluent offspring while 
in (c) they should all give three confluents to one normal. In reality 
no pair has given a purely confluent family; and the ratios in (c) are 
approximately 2 : 1 instead of 3:1. Furthermore the ratios in (b) are 
just like those in (c), indicating that the parents are alike (hetero- 
zygous) in both cases, and that no homozygous flies have appeared. 
Only one alternative to this explanation occurs to me,—namely, that 
homozygous flies are produced, but are sterile. This however is made 
very improbable by the fact that practically all of the confluent flies 
breed readily and may be tested by mating in pairs. 

The second mutant character, axillary, appeared in a normal mass 
culture during September, 1915. It presents many irregularities both 
in its manifestations and in its genetic behavior. In pure stock it may 
vary from a condition in which several extra veins and branches are 
present in each wing, to one in which only the slightest trace of a branch 
or extra vein may be seen; or it may be entirely lacking in a portion of 
the flies. In behavior axillary is usually an irregular recessive, but fre- 
quently it shows itself to a slight extent in a few heterozygous indi- 
viduals. These features are brought out by the data in table 2. It is 

















TABLE 2a TABLE 2b 
Axillary by normal. Axillary by axillary. 
wt <8 Axillary Normal dees Axillary Normal 
rn a ae wae es i 
2173 19 | 60 2195 31 29 
2200 10 66 2212 16 Q 
7 aoe | 203 - vo la. - 





not improbable that axillary depends upon, or is decidedly influenced by, 
several factors, most of which I have not yet located. Certainly it is 
greatly affected by at least one factor other than the axillary factor 
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itself. This factor is confluent. When in the presence of confluent, 
axillary, instead of behaving as a recessive, becomes an almost complete 
dominant. This is shown in table 3. When axillary flies are mated to 

















TABLE 3a 
Confluent by axillary. 
Caer | ee Normal | Confluent Axillary 
number axillary 
2127 6 9 | 3 I 
2170 28 18 10 8 
Total | i= 34 i 27 13 | 9 
TABLE 3b 
Confluent axillary (heterozygous) by normal. 
ee or Normal Confluent Axillary 
number axillary 
2148 = aS 10 7 °o 
2150 22 45 15 fe) 
2151 30 60 12 I 
2159 34 77 16 0 
2171 4 19 6 fe) 
2176 23 27 7 7 
2178 5 12 4 2 
2185 13 12 10 | o 
2186 12 I4 4 fe) 
2201 5 22 7 fe) 
2202 2 18 3 (o) 
2203 17 28 10 re) 
2217 31 60 3 I 
2206 18 35 8 I 
Total 224 429 II5 12 





normals they give from five to twenty-five percent of axillary in F,, and 
when axillary flies are inbred (pure stock) they give about fifty or sixty 
percent axillary; but when axillary flies are mated to confluent, or con- 
fluent axillary (heterozygous) to normal (it makes no difference which 
way the cross is made) the percentage of axillary is greatly increased 
and nearly all of the axillary flies are in the confluent class. Further- 
more nearly all of these confluent axillary flies show a greatly exag- 
gerated effect of both confluent and axillary, (compare figures 2 and 3 
with figure 4). This peculiar interaction of factors is similar in a gen- 
eral way to many found in Drosophila ampelophila and other organ- 
isms, except that in the latter, so far as I know, dominance and 














MUTATIONS IN THREE SPECIES OF DROSOPHILA 597 


recessiveness are not affected (see MorGANn, STURTEVANT, MULLER and 
BRIDGES IQI5, p. 45). 

Among the other six non-sex-linked characters five (concave, morula, 
acute, steel and black) are simple recessives and were each observed in 
several individuals at their initial appearance. Concave arose in a nor- 
mal stock culture during September 1915. One concave female from 
this culture, when mated to normal brothers, gave 64 normal and 17 
concave offspring, from which the present stock is descended. Until 
very recently concave has been looked upon as a variable character, 
easily affected by the environment, because the characteristic (wing 
shape) used to distinguish it, was not at all regular in appearance (figures 
5 and 6). But I have just discovered that the curled hairs on the arista 
provide a constant and easily recognizable diagnostic character that will 
make future experiments relatively simple. 

The history of morula is much like the early history of concave. Five 
morula flies of both sexes appeared in a mass culture and gave rise to 
the strain now in use. Like axillary, morula sometimes fails to exhibit 
itself even in homozygous flies, and the ratios are correspondingly dis- 
torted (table 4). 








TABLE 4 
Morula by morula, pure stock. 
—— Morula Normal 
number 
1352 52 7 
1355 13 oO 
1356 4l 46 
1371 130 O 
2040 102 25 
2044 38 3 
2047 14 34 
2054 31 I 
Vir I0T oO 
Vig 6 fo) 
V6I 29 5 
V69 106 o 
V&3 48 25 
oe. 711 146 


The character acute appeared in concave stock some time in the early 
spring of 1916, and was at first thought to be a modification of concave; 
but when the constancy of this particular type was noticed it was sep- 
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arated from concave and has subsequently bred true.* Aside from the 
fact that its viability is unusually low it is a typical recessive character. 

At about the same time that acute was discovered the eye color mutant 
steel appeared (February 1916) in a normal stock that had been kept 
separated from other stocks for several months. Until very recently 
this character, like concave, was thought to be greatly affected by cul- 
tural conditions, but it now appears that exposure to the air, especially 
warm air, after removal from the moist culture bottle, brings out the 
character and makes it possible to distinguish a large proportion of the 
steel individuals. 

The mutant black appeared during May 1916 among the offspring 
of two separate pairs of flies, both derived from a single preceding cul- 
ture (an axillary by morula cross). In both cases the ratio (approxi- 
mately 3:1) indicates that the parents were heterozygous, and makes 
it probable that one of the grandparents was pure black. Two black 
females and one black male from one of the two pairs (number V151r) 
when inbred gave in F, ten black offspring and a large number of black- 
colored pupae that failed to hatch. The ten flies that did hatch were 
mated together and likewise produced a large number of larvae and 
pupae but only a few flies, all of which were black. Another culture 
of three flies, from this same bottle (V151) gave a large number of 
black flies with abnormal abdomens. These when inbred gave much 
the same result as the preceding, most of them producing only a few 
flies from among many pupae. One pair of black flies from the other 
original bottle (V141) showed a lower degree of mortality among its 
progeny. It produced 54 offspring (all black) in F,, and two pairs of 
these gave 24 offspring in F,. But stock bottles made up from this are 
now showing a high degree of mortality similar to that in the other line. 
Apparently, then, the black factor has a partial lethal effect, or else a 
lethal factor of some sort is associated with it. Possibly the abnormal 
abdomen, found in many of the black flies, is an independent character 
and responsible for the mortality. If so, matings now being made ought 
to separate the two and give a viable black stock. 

The remaining non-sex-linked character, bald, made its appearance 
in a confluent culture during January 1916. The exact count was not 
obtained from this bottle, but subsequent breeding has shown bald to be 
a dominant character, completely or very closely linked with confluent. 
Unlike confluent, however, it does not always exhibit itself, and the 


3 Other morphological types of concave, such as those shown in figures 5 and 6 
have likewise been tested, but are apparently all due to a single factor. 











MUTATIONS IN THREE SPECIES OF DROSOPHILA 599 


bald class in nearly all matings is unduly small becausé some of the 
genetically bald flies appear normal. These features will be considered 
further under the heading of linkage. 

It now remains to consider the four sex-linked characters yellow, 
glazed, magenta and forked. Yellow has appeared upon two occasions, 
first (July 1915) in a single male that died without breeding, and second 
(January 1916) in several males within one mass culture. These latter 
were successfully bred and gave rise to the present yellow stock. Yellow 
is a perfectly clear-cut character, breeding absolutely true, and showing 
typical sex-linkage. Its only peculiarity is its low viability, making it 
somewhat difficult to breed in pairs. When the original yellow males 
were mated to normal females they gave in F, only normal offspring, 
and in F, 165 normal females, 85 normal males and 79 yellow males. 
When yellow males were mated to heterozygous females they gave nor- 
mal males and females and yellow males and females in approximately 
equal numbers. Similarly yellow females mated to normal males gave 
normal females and yellow males in equal numbers (537 : 544).* Addi- 
tional records involving yellow are given in the section on linkage. 

Glazed is a character of recent origin (June 1916) and has not yet 
been studied extensively. It appeared in one male individual in a mass 
culture containing steel and normal. When bred to normal-eyed females 
this male gave in F, normal males and females, and in F, 164 normal 
females, 85 normal males and 44 glazed males. The F, females proved 
to be of two kinds, as expected,—one homozygous for normal eye, the 
other heterozygous for glazed. Mated to a normal brother one of the 
latter gave 36 normal-eyed females, 18 normal-eyed males and 11 glazed 
males. Another, mated to a glazed male, gave 11 normal females, 17 
glazed females, 16 normal males and 9 glazed males. 

During the same month in which glazed appeared (June 1916) the 
character magenta was also found. It arose in acute stock, one pair of 
which gave 38 normal females, 19 normal males and 17 magenta males. 
No record was made of the eye color of the parents or grandparents in 
this case, but it is very probable that the mutation arose with the female 
used in this mating. Some of the original magenta males were mated 
to normal females, and others to yellow females. The former gave in 
F, only normal offspring, and in F, 90 normal females, 43 normal males 
and 40 magenta males. The latter are considered in the next section 


4One of these matings gave, in addition, two yellow females and one normal male, 
apparently due to contamination or non-disjunction, 
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under linkage. In addition, a number of the normal sisters of the origi- 
nal magenta males were mated to normals, and several gave magenta 
males in F, showing that they were heterozygous for the magenta factor. 

The other sex-linked character, forked, appeared in a single male 
individual (June 1916) from a mating between confluent males and 
a normal female. When mated to normal females it gave in F, only 
normal offspring, and in F, 610 normal females, 270 normal males, and 
185 forked males. Like most of the other mutants it is less viable than 
normal, with the result that the mutant class falls below the expected 
proportion. 


LIN KAGE 


Among the above twelve characters three of the sex-linked and three 
of the non-sex-linked ones have been tested for linkage. The non-sex- 
linked characters are confluent, bald, and axillary, of which confluent 
and bald are closely linked together, while axillary shows no linkage 
with either. As has been previously noted, bald made its appearance 
in confluent stock. The bald confluent flies were mated to normals, and 
inter se, with the results shown in table 5. At first it appeared that 
crossing over took place in one direction, since some of the confluent 
flies in nearly every case had normal bristles on the head. But when 
these flies were tested by mating to unrelated normals they all gave bald 
offspring, showing that the apparent crossovers were due to the failure 
of bald to exhibit itself. A dozen or more flies were tested in this way 
and all gave the same results. It will also be noticed that in the table 
three flies are recorded in the normal wing bald class. These are flies 
in which one of the four bristles around the ocelli was gone, but the 
loss of a bristle was evidently purely accidental, for the flies proved to 
be genetically normal when tested by breeding. Up to the present time 
no known crossovers have occurred between these two factors. 

The results of confluent by axillary matings have already been given 
in a previous section (table 3), and I need only note here the absence 
of linkage in this cross. The first four records, and probably several 
of the others given in table 3, are from matings in which the confluent 
axillary parents received confluent and axillary from opposite sides, and 
should, if the characters were linked, give the effects of repulsion, i. e., 
confluent and axillary should appear mostly in different individuals, 
seldom in the same individual. Actually, however, the confluent axillary 
class is larger than the two others combined. Only the assumption of 
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TABLE 5 


Confluent bald (heterozygous) by normal, or inter se, in pairs. 




















Normal 
Culture head Normal Bald | - Bald 
number normal head normal | confluent 
ee confluent wing 
wing 
~ -V133 4I oO I 30 
V140 47 22 I 71 
V142 36 2 I 52 
V143 6 8 fe) 7 
V146 24 2 o 19 
V149 33 2 oO 36 
V167 17 I fe) 22 
V181 7 | oO fe) 9 
V204 =| 15 fe) oO 14 
V206 | 32 6 oO 17 
V207 31 14 fe) 9 
V209 CO 33 29 co) 13 
V210 | 40 6 fe) 22 
V2ilI 31 24 ° 14 
V212 41 16 fe) 15 
V220 =| 14 I fe) 16 
V221 28 5 fe) 24 
V222 «| 34 8 re) 15 
V223 33 3 oO 23 
V224 CO 26 6 0 II 
Var | 50 15 ° II 
V242~=«| 20 II fe) 16 
V243 7 3 ae 8 
V244 25 4 oO 10 
V247 29 9 ) 23 
V249 34 II oO II 
V267 21 2 0 15 
Total — 755 210 ae 


very loose linkage, together with crossing over in both sexes, could ex- 
plain such a result upon the basis of linkage; and since crossing over 
in the male has not been demonstrated in this species the assumption 
is very improbable. 

In the group of sex-linked characters it has been possible to ascertain 
linkage values more rapidly than in the other groups, and three factors 
have already been located approximately. Or rather, two of them have 
been located with respect to a third. In both cases the linkage value is 
low, and the proportion of crossing over high. The first characters 
tested were yellow and glazed. Unfortunately only two cultures were 
made up from this cross and the numbers are very small, but in each 
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case the crossover class is so large as to leave no doubt that the linkage 
is very loose. 

The other characters are yellow and magenta. Males of the latter 
bred to females of the former gave in F, normal females and yellow 
males. The females bred to normal males gave normal females, and 
four classes of males in the proportion of 70 brown (body) red (eye), 
155 brown magenta, 118 yellow red, and 89 yellow magenta. In this 
case, as in the former, the linkage is evidently loose, but here it is de- 
termined with greater accuracy and the percentage of crossing over may 
be said to be approximately 36. Or, in the terminology adopted for 
Drosophila ampelophila, yellow and magenta are about 36 units apart. 

Knowing the approximate linkage between yellow and glazed, and 
between yellow and magenta, it may now be predicted that if the factors 
compose a linear series in this species as they do in ampelophila the 
linkage between glazed and magenta will prove to be either relatively 
close, if they are both on the same side of yellow, or practically indis- 
tinguishable if they are on opposite sides. 


COMPARISON BETWEEN MUTANTS IN D. VIRILIS AND D. AMPELOPHILA 


Before turning to the mutants in other species it may be well to con- 
sider the relations between those just described and the known mutants 
in Drosophila ampelophila. Some of these relations have been 
mentioned in an earlier note (Metz 1916) but may be treated more 
fully here. The first and most striking feature is the apparent corre- 
spondence between some of the mutants found in virilis and those al- 
ready known in ampelophila. The three characters, confluent, yellow 
and forked, for instance, are so similar to characters of the same name 
in ampelophila as to suggest at once that they are actual duplicates. 
In the case of confluent we have three different criteria that point 
to a correspondence in the two species. First the morphological 
characteristics, which are practically identical, second the fact that 
the character is dominant in both cases, and third that it has 
a lethal effect when the fly is homozygous for it (see BripGEs 1916). 
The latter statement must be modified somewhat with respect to ampelo- 
phila, for confluent flies in that species show a very low viability and 
many fail to breed. It is possible, therefore, that some of these are 
homozygous. Likewise the number of offspring produced by confluent 
flies is so small as to make the ratios questionable; but so far as they 
go they resemble those in virilis. Through the kindness of Professor 
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Morean I secured, some time ago, a stock of confluent ampelophila and 
endeavored to test it out with respect to its lethal effect. The results, 
from the few pairs that could be induced to breed, are given in table 6. 
Most of the confluent flies used as parents in these crosses were from 
confluent by confluent matings and theoretically one third of them should 
be homozygous. Actually, among the ten flies that bred, only one pair 
gave purely confluent offspring. Apparently one member at least of this 
pair was homozygous, unless the result was accidental. Unfortunately 
no F, flies were secured to make certain of the constitution of ‘the F,, 
and the evidence is not very conclusive. 


TABLE 6 


Confluent ampelophila. 
a. Confluent by normal in pairs. 























Cul 
pee 8 { Normal ‘Confluent 
1278 al 13 
1285 | 33 15 
1286 45 33 
1290 25 24 
“a | lae)hlUmhtl 
b. Confluent by confluent in pairs. 
Cultu eT Ai ene 
sata | Normal | Confluent 
1288 4 7 
1289 | 2 9 
1279 | a 
————————— ee | — 
Total | 6 43 





These data are meager, but when taken together, and in connection 
with the fact that in ampelophila, as in virilis, no homozygous stock otf 
confluent has been secured, it seems probable that the lethal effects as 
well as other features are similar in both species. 

Turning to the two characters yellow and forked, it is to be noted 
especially that they are both sex-linked in each species. Yellow is slightly 
darker in virilis than in ampelophila (see MorGAN 1912), but since the 
normal vzirilis is much darker than ampelophila this is to be expected if 
the factors really correspond. In the case of forked the morphological 
correspondence is complete even to the smallest detail, so far as I can 
tell from a careful comparison of the flies side by side. 

So far as the evidence goes, then, it strongly suggests that the factors 
for confluent, forked and yellow in virilis are actually homologous to 
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those in ampelophila. If this is true it follows, as indeed might be ex- 
pected, that the germ plasms of the two- species bear a definite structural 
resemblance to one another which we may hope to analyze experiment- 
ally. Furthermore, if these factors are really homologous, the fact that 
yellow and forked are sex-linked in each species would indicate that the 
structural relations of the germ plasm so far as the factorial arrange- 
ment is concerned, are alike or similar in the two species. And if this is 
the case it is difficult to avoid the conclusion that there is a genetic 
continuity of germinal structures—in all probability chromosomes—in 
these flies. 

When the linkage relations between these respective factors are known 
the evidence will be much more definite; but even if the linkage values 
are not the same in the two species it does not necessarily mean that the 
organization is different, for the amount of crossing over might be very 
different in different species. The crucial test will be to determine 
whether a linear series similar to that in ampelophila is present in virilis. 


MUTATIONS IN DROSOPHILA OBSCURA FALL. 


My studies upon Drosophila obscura are still in their initial stages 
and may be passed over with a brief description of the three mutants 
at hand. The first is characterized by the presence of from one to four 
extra bristles on the scutellum. It was first observed in October 1915 
when several extra bristle flies of both sexes appeared in a mass culture. 
Subsequent matings have shown it to be a non-sex-linked recessive, but 
one which is very dependent upon environmental conditions for its mani- 
festation. Table 7 illustrates a typical series of results obtained from 
homozygous flies mated in pairs. As will be noted some of the pairs 
give nearly 100 percent of extra bristle offspring, while others give a 
very much lower percentage. No systematic attempt has been made to 
determine the agent responsible for these deviations, but it has been 
noted that in almost every case the higher percentages of extra bristle 
flies are found in well fed, moist cultures, and the lower percentages in 
poorly fed, dry cultures. 

In the second mutant, triangle, the posterior cross vein forks and 
forms a triangle at its junction with the fourth vein. This character 
appeared during February 1916 among the offspring of two separate 
pairs of flies from a single preceding culture. One of the pairs gave 
15 triangle and about 75 normal offspring. The other gave 7 triangle 
and several normals (exact number not recorded). Two matings of 
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TABLE 7 
Drosophila obscura, extra bristle stock inbred in pairs. 








Culture Exte } ., 
number bristle | Normal 

2191 17 8 
021 20 | 75 
022 18 | 120 
029 21 | 60 
030 34 30 
031 2 | gI 
032 28 2 

033 39 | IIS 
034 50 103 
037 24 33 
038 3 33 
040 II 80 
O41 II 19 
049 II 39 
O51 5 6 
052 16 10 
057 17 I 
o61 21 | 3 
Total . 423 855 


triangle by triangle from these gave respectively 66 triangle: 5 (ques- 
tionable) normal and Ig triangle: 3 normal. In each case some of the 
females may have mated with normal males before the cultures were 
made up,—a fact that may account for the normals in their progeny. 
Judging from these preliminary data it seems probable that the character 
will prove to be a simple, true-breeding recessive. 

The third mutant is characterized by abnormally short veins in the 
wing. Both the fourth and fifth veins fail to reach the margin, and 
occasionally the posterior cross vein is broken. The character is a sex- 
linked recessive. It appeared during July 1916 in nine males from a 
mass culture containing extra bristle flies. These males, bred to normal 
females, gave in F, normal males and females, and in F, 81 normal 
females, 38 normal males and 38 short vein males. No F; flies have 
been obtained yet, but the character appears to be regular in its behavior. 


AN EYE COLOR MUTANT IN DROSOPHILA SIMILIS WILL. 


Most of the mutants in Drosophila ampelophila and in the species just 
considered, have arisen in more or less highly inbred stock, and it is 
consequently of interest to note any that have not. Several have already 
been recorded (Hype 1915 a, STURTEVANT 1915), and the following is an 
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additional one. It is distinguished by the possession of chocolate-colored 
eyes instead of bright red eyes. Flies having this eye color appeared in 
either the first or second generation of descendants from a normal wild 
female of Drosophila similis that I collected in Cuba. Since the species 
has never before been bred in captivity there is little chance that inbreed- 
ing could have had anything to do with the origin of the mutant in my 
cultures: The following is a brief history of the character in respect 
to its origin and behavior: Progeny of a single wild female were trans- 
ferred without examination, to stock bottles. One of these bottles, 
examined after the next generation appeared, contained approximately 
equal numbers of chocolate and red-eyed flies. Three normal females 
from this, mated to chocolate males, gave 8 chocolate and 7 normal off- 
spring. Five other normal females mated to five chocolate males gave 
37 chocolate and 35 normal offspring. Four mass cultures of chocolate 
flies bred true and gave nothing but chocolate-eyed progeny, (more than 
100), as did succeeding cultures of pure stock. 


MUTABILITY IN DIFFERENT SPECIES OF DROSOPHILA 


In conclusion a word may be said concerning the individual mutative 
tendencies of the different species of Drosophila thus far studied. The 
rapid appearance and varied characteristics of mutations in Drosophila 
ampelophila have given rise to the natural impression that this species 
possesses a peculiar tendency to mutate, not shared by even its close rela- 
tives. It is not at all surprising that this opinion has arisen, considering 
the extraordinary number of mutations obtained from ampelophila, but 
in view of the recent mutations in some of the other species it becomes 
much less probable that the mutating capacity is peculiar to the one fly. 
Mutations have now been recorded in six other species,—two in 
repleta (HypDE 1915 a, STURTEVANT I915), one in cotfusa (Hype 
1915 b), one in tripunctata (Mertz and Metz 1915), twelve in virilis 
(present paper), three in obscura (present paper), and one in similis 
(present paper). These leave no doubt that species other than ampelo- 
phila have at least some capacity for mutating. Whether this is true 
of all Drosophilas is, of course, a question; but the fact that mutations 
have appeared in nearly all the species studied extensively, and in some 
studied only superficially, tends strongly toward an affirmative answer. 
In a like manner the evidence furnished by virilis and obscura tends to 
modify the conclusions respecting the relative rapidity of mutation in 
the various species. Of course it is impossible to get more than a rough 
estimate of the total number of flies examined in any of these species, 
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but since my cultures of virilis alone have given rise to at least a dozen 
mutations within the last year® there can be little question that this 
species mutates approximately as fast as does ampelophila. And in 
obscura the rate can not be greatly different, for here three mutations 
have already been found among a relatively small number of flies 
examined. 

Taking all of these facts together it seems not improbable that most, 
if not all, Drosophilas are essentially alike in respect to their tendency 
to mutate, and that a series of mutations could be found in any of them 
if sufficiently large numbers of individuals were examined. 


5 Two new ones have appeared since the first part of this paper was written. 
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The generalization of various systems of mating where alternative 
inheritance occurs has been studied by Pearson, Harpy, JENNINGS, 
PEARL and FisH. The most comprehensive study of this subject is pre- 
sented in the January number of GENETICS by JENNINGS (1916). The 
fundamental condition of a Mendelian population is there expressed as 
(1) (G,) rAA + s Aa+t aa 
A and a represent the dominant and recessive conditions, respectively, 
of a given character, and r, s and t¢, integral numbers of individuals of 
each type. JENNINGS does not derive general expressions for several 
types of mating whereby G, can be determined from G,, hence the pur- 
pose of the present paper is to discuss such generalized expressions. 


RANDOM MATING 


When the mating in G, takes place at random JENNINGS shows G, to be 

(2) (G,) (2r+s)?AA+2(2r+s) (s+2t)Aa+t+ (s+2t)?aa. 
He states that the proportions in G, can be found by applying these 
two formulas to G,_,, but indicates that the intervening generations 
must be calculated according to these two formulas in order to deter- 
mine G,_,.” 

PEARSON, in 1904, first showed that the F, population of a mono- 
hybrid cross will produce an F, generation having the same proportions 
of the duplex, simplex and nulliplex types as F,, providing there is no 
difference in the fertility of the three types, and that the mating is abso- 
lutely at random. This ratio depends on the fact that the two kinds of 
gametes exist in constant proportions to each other from generation to 

1 Paper No. 4 from the Laboratory of Animal Technology, Kansas Agricultural 
Experiment Station. 

2In a correction slip published by Dr. JeNNiNGS in his reprints of the original 
article he calls attention to the fact that his formula published in section 8 of his 


original paper is really general. The writers did not learn of this until after the 
present paper had been submitted for publication. 
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generation. Thus when the females of the F, population 4A+2Aa+aa 
produce gametes the following results obtain: 

AA produces A + A gametes; 

Aa produces A + a gametes; 

Aa produces A + a gametes; and 

aa produces a + a gametes. 

These gametes then total 44 + 4a gametes or a ratio of one A gamete 
for each a gamete. But this ratio of A + a gametes holds in the males 
of F, and in the Aa males and females of F, as well, hence F; shows 
the same proportions of types as F,; F, as F,; and so on. 

The same condition occurs in the case advanced by JENNiNGs. If, for 
convenience, each individual is assumed to produce only two gametes, G, 
will produce the following proportion of reproductive cells in either sex: 
(2r+s)*AA will produce (2r+s)*(A+A), or 2(2r+s)*A, gametes; 
2(2r+s)(s+2t)Aa will yield 2(2r+s)(s+2t)(A+a) gametes, or 
2(2r+s)(s+2t)A gametes and 2(2r+s)(s+2t)a gametes; 

(s+2t)*aa will yield (s+2t)?(a+a) or 2(s+2t)?a gametes. 

The total number of gametes produced by Gy will be 
[2(2r+s)? + 2(2r+s)(s+2t)]A + [2(2r+s) (st+2t) + 2(s+2t)?]a. 
Factoring and simplifying this expression the following results are ob- 
tained : 
2{[(2r+s)?+2(2r+s) (s+2t)]A + [(2r+s) (s+2t)+(s+2t)?]Ja } 
=2{(2r+s) (2rt+s+s+2t) A+(st2t) (2r+s+s+2t)a } 
= 2(2r+2s+a2t) [(2r+s)A+(st+a2t)a] 

= 4(r+st+t) [(2r+s) A+(st+a2t)a]. 

Since the factors 4(r-+-s+t) in nowise affect the ratio between A 
gametes and a gametes, they may be omitted and the ratio becomes 
(2r+s)A + (s+2t)a 
But this is the ratio of gametes formed by G, in producing G,, hence Gs 
will have the same ratio as G,; G, will have the same as G,; ad infinitum. 


REPRODUCTIVE RATES IN RANDOM MATING 


In most Mendelian work the proportions of different types are all 
that are required, but if a constant rate of mature offspring production 
is assumed, the inclusion of these constants which were factored out, 
4(r+s-+t), will give the numbers within each group at any subsequent 
generation. Of course, this result presupposes equal fertility and sur- 
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vival values for each zygotic group of animals. In G, the numbers will 
be, letting m equal the number of mature offspring a female will produce 
by any one male, 
(3) 2*m?(r+s+t)*[ (2r+s)*AA+2(2r+s) (st+2t)Aa+t (s+2t)?aa]. 
The series which k, p, and q will each develop.can be determined by 
regarding the expression as algebraic, and using the method of the total 
derivative. If G, is differentiated first with respect to A and then 
with respect to a, if the sum of the partial derivatives is obtained, if the 
subsequent expression is simplified by factoring, and if the result is 
multiplied through by m, the constant for rate of reproduction, one will 
obtain the proportions of gametes produced by G,. AA and aa will, of 
course, be treated as A? and a? respectively. Thus 


Rs [(2r+s)?AA + 2(2r+s)(st2t)Aa + tae = 
2(2r+s)?A + 2(2r+s) (st+2t)a. 
é pare st + 2(2ar+s)(s+2t)Aa + (s+2t)*aa] = 
ea 2(2r+s)(st2t)A + 2(s+2t)?a. 
Adding, factoring, and multiplying through by m, the gametes produced 
by G, become 
2°*m(2r+s)(rtst+tt)A + 2?m(s+a2t)(r+s+t)a. 
Squaring this expression is equivalent to determining the result of ran- 
dom mating. Factoring the constants from the resulting expression 
gives G, as 
(G,) 24m? (r+s+t)?[(2r+s)2AA + 
2(2r+s)(s+2t)Aa + (s+2t)?aa]. 
By determining the constant outside of the bracket for a number of 
generations, k (the exponent of 2) develops the following series, the 
new term being formed by doubling the old and adding 4: 
GGG G&G G& G Gs G,, 


Oo — 4— 12 — 28 — 60 — 124 — 252 - - - 2402" seo 
In a similar manner, p (the exponent of m) becomes: 
G. G; G, G; G G, Gg G,, 
2— 4— 8 — 16 — 32 — 64 — 128 - -- - - de 
The g series develops the following progression : 
G, G, G, Gs G, G, Gg Gn 
o—2—6— 14— 30— 62 — 126 - ---- gata p2 =~ 2%) 


The new term is formed by doubling the old and adding 2, hence any 
term of the q series is one half the corresponding term of the F series. 
In stating these series in general form, n is the number of the genera- 
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tion in which random mating has taken place. It is apparent that the 
formula does not apply until n equals 3. For G,, the original population 
must be taken, while G, is determined by JENNINGs’s formula. 

It is obvious that these numbers depend on the value of m, but even 
when m equals 1 the number of individuals will increase so rapidly that 
not all females will be able to produce offspring by each male. If the 
mating is perfectly at random this will not affect the proportions of 
types but it will affect the number of individuals in subsequent genera- 
tions. If the female can be mated to h males on the average the constant 
coefficients of (2r+s)*dAA + 2(2r+s)(s+2t)Aa + (s+2t)?aa_ be- 


h 
come ————— in Gg, and 
r+st+t 
2 4(2n-82n-4 - - - gn-n) 7» (n—2)—1,,,20-1 


(r+ts+t)2(2n-8-+a2n-4 - - 2n-n)—2(n—2)-+1 
in any other generation. 

While this gives a general expression for the results of random mating, 
such mating never occurs, either in nature or under domestication. Some 
form of selection is always present. The simplest type of selection under 
domestication is the type to type or assortative mating. JENNINGS has 
discussed one phase of this, showing that when dominance is involved 
the groups AA and Aa appear alike, and the G, generation of r dA + 
s Aa + taa produces in Gy, 

(ar+s)*AA + 2s(2r+s)Aa + (s?+4rt+-4st) aa. 

He finds no general formula by which G, may be expressed from a 
knowledge of G,. The principal pitfall in determining this general ex- 
pression is involved in keeping the numbers of progeny of each of the 
different groups in proportion to the number of parents. For example, 
the progeny of the dominants r AA + s Aa must be in the ratio of 
r+s to t, in comparison to the progeny of taa. If this precaution is 
observed the results are readily discovered. 


ASSORTATIVE MATING IN THE ABSENCE OF DOMINANCE 


Assortative mating may produce two types of results when a single 
pair of characters are considered, depending on the presence or absence 
of dominance within the pair. Since the absence of dominance gives 
rather simpler results it will first be considered. The matings under such 
a system are: 

AA by AA giving AA progeny 
Aa by Aa giving AA+2Aa+aa progeny 
aa by aa giving aa progeny 
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It is obvious that, as the generations pass, the homozygous groups will 
increase at the expense of the heterozygous. The rate at which this 
takes place depends on the numbers of individuals of each type. 

The results of this kind of selection may be expressed in terms of 
random mating within the group when the proper constants are deter- 
mined for divisors; or more simply still, the females may be assumed 
to have a constant rate of reproduction, m, and the ratios for breeding 
each type may be determined on the basis of m progeny from each 
mother. Thus r 4A females in G, would produce mr AA offspring in 


$ 2ms ms 
AA + — Aa + — aa 
4 4 4 
offspring in G,; and ¢t aa females would produce mt aa offspring in G,. 
When totalled G, would become 


G,; s Aa females in G, would produce 








m 2m m 
(G,) — (4r+s\AA + s Aa + — (s+4t)aa. 
4 4 


Since m is a constant that does not affect the ratio, it may be eliminated, 
and the series G, to G, becomes: 


(G,) (4) 44 + (2) 4a + (“a0 
Gy (ME) 44 + (BZ) ae + (FE) ae 
(G,) (A247) aa * (% ) Aa * (22120) aa 


(4) (G) [77 E>] a4 + (3) 40 + [PREP a 


This expression satisfies any values of r, s, and ¢ from o up, infinity 
only being barred because it is incomprehensible in animal breeding. 
The formula here derived is similar to that obtained by JENNINGS in 
his section (28), in the case of self fertilization. 

















ASSORTATIVE MATING IN THE PRESENCE OF DOMINANCE 


When dominance is involved there are only two groups to mate on 
the basis of type, but one group is dizygotic, r dA +s Aa. JENNINGS 
presents the following proportions in G,, when G, equals r 4A + 
s Aa+taa: 

(2r+s)? 2s (2r+s) 


G AA Aa + 
) Cae) ane ee 


(s?-+-4rt+-4st) 











aa 
4(r+s) (r+s+t) 





—— 
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Since 4(r+s)(r+s+t) is a common denominator that in nowise 
affects the ratio, it has been omitted in the following calculations. G, 
will produce the following gametes, using the method of total derivatives 
and adding as previously suggested : 

(r AA + s Aa) will produce (2r+s) d+sa 
(t aa) will produce 2¢ a 
Squaring these, the result in G, becomes 


(G.) [(2ar+s)?AA + 2s(2r+s)Aa + s*aa] + [4#? aa]. 


But (2r+s)?AA + 2s(2r+s)Aa + s*aa individuals are the progeny of 
r AA + s Aa, and 4f*aa are the progeny of ¢t aa. If the rate of repro- 
duction is alike, then the ratio expressed by the fraction 


(2r+s)? + 2s(2r+s) + 5 _ +s 
~ should equal the ratio, . 
4r 


Obviously it does not, hence the equation 


c (2ar+s)? + 2s(2rts) +S? rts 








d 4t* t 
when solved for c and d gives values which, when substituted should 
make the two sides of the equation equal. Solving 


c (ar+s)? + 2s(ar+s) +s? rts 
d (4t?) a 
c (r+s) 4 = (rts)4t_ t 











’ [(2r+s)+5]?*t -_ 4(r+s)? r+s 
(G,) should then equal 
c [(ar+s)*AA + 2s(2r+s)Aa + s*aa] + d [4f?aa], or 
t [(2r+s)?AA + 2s(2r+s)Aa + s*aa] + (r+s)[4faa]. 
This gives the result obtained by JENNINGS, without his denominators 
(G,) (ar+s)?AA + 2s(2r+s)Aa + (s?+ 4rt+4st) aa 
Determining the gametes for each subsequent generation by means 
of the total derivatives already described, squaring, and multiplying 


c 
by the proper values of r for the given generation, which will always 
¢ 


equal the inverse ratio of the two groups in the preceding generation, 
the following develops: 


(G.) (2r+s)[(2r+s)AA+2s Aa] + [s?+2(2r+2s)t]aa 
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(G,) (2r+s)(2r+2s) [(2r+2s)AA + 25 Aa] + 
[2(2r+2s)s* + 2(2r+2s) (2r+3s)t] aa 

(Gy) (2r+s) (2r+2s) (2r+35) [ (2r+35)AA+2s Aa] + 

[3(2r+2s) (2r+3s)s*? + 2(2r+2s) (2r+ 35) (2r+4s)t] ae 


(5) (G,) ‘4 (27+s) {[27-+-(”—1)s] AA + 25 Aa} + 


/—n_1 ln 
((z—1) al (2r-+ds) s? + 2u (2r-+/s) ¢] aa. 


This expression is rather tedious in application, but far less tedious 
than the determination of the intermediate generations would ever be. 
An application of this formula may help to demonstrate its usefulness. 


l= n—I 


F.. indicates a product, where / varies from 1 to (n—1) or (2r+s) 
=I 


(2r+2s) (2r+3s) ----- [2r+(n—1)s]. 

If m equals 5, that is, if the generation under consideration is the fifth 
in which assortative mating has taken place, the formula would be as 
follows: 


(G,) TH ar-+is)[(ar+ (n—1)s]JAA+ asAa)-+[4 nt (2r-+ls)s* + (er-+s)fJaa, 
or 

(2r+s) (2r+2s) (2r+3s) (2r+4s) [(2r+4s)AA + 2s Aa]+[4(2r+2s) 
(2r+35) (2r+4s)s? + 2(2r+2s) (2r+3s) (2r+4s) (2r+55)t] aa. 

It will be noted that certain of the terms within the parentheses above 
are common factors. This permits a simplification of the formula, the 
presence of the common factors showing merely the method of deriva- 
tion. Omitting these factors the formula becomes: 

(6) (G,) (2r+s) } [2rt+(n—1)s]AA+2s Aa} + 
{ (n—1)s?+2(2r-+ns)t }aa. 

This is the simplest and most workable expression of the formula. 
If r equals 3, s equals 2, and t equals 1, this expression becomes in 
(Gs) (6+2) }[64+(4)2]AA+2(2)Aa { + }4(4)+2(6+10) (1) jaa 

This equals: 

8{144A+4Aa} + {16+ 32] aa, or 
16} 7AA+2Aa} + 16{3aa}, or 
7AA + 2Aa + 3aa. 
MATING DOMINANTS ONLY 


There yet remains another type of mating, that of dominants alone, 
which permits of ready generalization. Since the aa individuals are dis- 
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carded, the AA type will increase markedly in proportion to the Aa type. 
The aa individuals, being discarded, will have no effect on subsequent 
generations. Since the proportions of gametes are interesting here, their 
series is introduced as well. 


Somatic types Gametes 


(G,) r AA +sAA + t aa) on ~ produces (arts) A 4s sa 


(G, ) (2rts)2AA + 2s(2r-+s). Aa + saa produces (2r+2s)A + sa 


(G3) (2r-+2s)*AA+2s(2r+2s) Aa + s®aa produces (2r+3s)d + sa 
(Gy ) | (2r+3s)? AA + 2s(2r+3s)Aa + s*aa produces (2r+4s) A +. sa 
(7) (Gn) [2r+(n—1)s]2AA + 2s[art+(n—1)s] Aa + s2aa 

produces (2r+us)A+sa 




















If r is given the value 1, ‘nait s the value 2, the series mentioned by 
JENNINGS in his mating (19) results. In F, the 4A + 2Aa + aa ratio 
usually occurs, which corresponds to G, in the present paper. Using 
the subscripts of G, as in this paper the proportion of individuals in the 
nth generation becomes 
(8) (G,) (when r = 1 and s = 2) (n)*AA + 2n Aa + aa. 

If placed in terms of the ordinary Mendelian symbolism, in F,, the ratio is 
(9) (n—1)*AA + 2(n—1)Aa + aa. 

The formulas of this paper differ from those of JENNINGS in the 
method of determining the value of the letter n. JENNINGs lets n equal 
the number of times the mating has taken place, while the writers have 
let » represent the number of the generation in which the type of mating 
has been used. When » equals 1, in JENNINGS’s paper, the progeny of 
the first mating were indicated, while in the present paper, m equals I 
in the generation in which the mating was first practiced. In other 
words, the writers’ mth generation is the parent of JENNINGs’s uth gen- 
eration, or his » equals their n—1. 

The other types of mating mentioned in JENNINGS’s paper already 
have generalized expressions determined for them. 


SUMMARY 

Some properties of mating a generalized Mendelian population 
r AA + s Aa + t aa are considered in this paper; random mating, two 
types of assortative mating, and mating of dominants alone, being con- 
sidered. Formulas are presented which will give the proportions of 
AA, Aa and aa, in any generation resulting from the practice of such 
matings. 
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Abnormalities 
Difflugia corona 428, 471 
Drosophila virilis 598 
‘Man 90-106 
Paramecium caudatum 404, 529 
Phaseolus vulgaris 185-195 
Aborted grain, Avena 255 
Abortion of style, Oenothera 235, 236, 248 
Abraxas 152-156, 161 
AcKErT, JAMES E. 387 
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Aglia lugens 158 
Aglia tau 158, 161 
Agouti 
Guinea-pigs 289, 302 
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ALLEN, G. M. 372, 375 
Allelomorphic series (see multiple alle- 
lomorphs ) 
ALTENBURG, EpGar 354 
Ancestral imheritance 287, 288, 367, 360 
Anchylosis 90 
ANpRLIK, K. 335, 336, 347 
Aphis avenae 403 
Aphis rumicis 403 
Ascaris 3, 159 
Association of characters (see also cor- 
relation and linkage) 
Oenothera 221, 227, 246 
Avena 264, 272, 285 
Assortative mating 66, 82, 611, 612, 615 
Asymmetry 
Oenothera 233, 234, 249 
Phaseolus 186 
Arkinson, G. F. 245, 250 
Aural aecegee A dogs 372 
Autogamy 
Avena fatua “252, 253, 264 
Avena fatua X sativa 252 
Avena nuda 253 
Avena sativa 252 
Avena sativa X fatua 270 
Bacteria 529, 530 
BaLtzer, F. 351 
Banasa calva 159 
Barser, M. A. 530, 533 
Barley 403 
Barrows, W. M. 360, 370, 375 
Bartiett, H. H. 177, 
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Barton, F. T. 367, 368, 371, 373, 376, 
379, 384, 386 

Bartos, V. 335, 336, 347 

Basic color factor 278, 285 

Basic pubescence factor 278, 285 

Basset hounds 287, 367-375, 384-386 
Black 370, 371, 375 
Black-and-tan 368-375, 385, 386 
Black-and-white 373, 375 
Black-white-and-tan 368 
3rown 371 
Chocolate 371, 375 
Extension factor 360, 370, 373-375, 379 
Lemon-and-white 287, 374 
Liver-and-tan 369, 375 
Red 370 
Red-and-lemon 369, 370, 374, 375, 386 
Sable 374 
Tan 385 
Tian-and-lemon 369, 375 
Tan-and-white 368, 369, 373, 375, 385 
Tricolor 287, 367-375 
White spotting 371-386 

Bateson, W. 158, 162, 275, 282, 285, 355, 

360, 366 

Batrachoceps 365 

Baur, E. 348 

Beans 185-195, 403 

BECKMANN method 192 

Beets (see sugar beets) 

BELLING, J. 175, 176 

Bicolor, dogs 369, 370, 386 

Bicolorism 538, 545, 547, 548, 559, 581, 
_ 585, 589 

Bimodal curves 425-427 

Biotypes 248 

Black-and-tan 
Dogs 368-375, 385, 386 
Rabbits. 370 
Mice 370 

Black body color 
Cats 158, 377-385 
Dogs 370, 371, 375 
Drosophila ampelophila 132, 133 
Drosophila virilis 593, 597, 508 
Guinea-pigs 289-293, 296, 305-309 

Black eye color 
‘Canaries 158 
Guinea-pigs 292 

Black spotting 385 
Dogs 371 
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Black spotting (continued) 
Cats 384 
Guinea-pigs 386 
Blended inheritance 
Nicotiana 173 
Oenothera 212 
Blue vs. yellow pollen 317, 318 
30NHOTE, J. L. 283, 386 
BONNEVIE, K. 365, 366 
Bortnc, A. M. 150, 162 
Bow.Les, ADAM 579 
Brachydactylism 90 
BRAUN, ALEX. 314 
3reeding, systems of 53-890, 608-616 
3reeding technique 
Avena 253-274 
Beets 336 
Difflugia 414, 415, 472, 4890 
Drosophila 142 
Guinea-pigs 290, 295, 297, 305 
Paramecium 386-380, 528 
Phaseolus 187 
Primula 355-357 
Bripces, CALvIN B. 1, 2, 3, 4, 15, 107, 
I2I, 157, 162, 163, 274, 276, 285, 
354, 362, 366, 546, 579, 580, 584, 589, 
590, 597, 007 
CaLkINns, C. N. 404, 404, 5 
533 
Canaries 158, 161 
CastLE, W. E. 105, 140, 165, 175, 176, 
288, 289, 290, 291, 204, 300, 301, 304, 
306, 309, 305, 366, 307, 370, 374, 376, 
403, 404, 409, 527, 533 
Cats 
Black 158, 377-385 
Black-and-white 379, 385 
Blue 383 
Dilute black 383 
Dilute orange 384 
Dilute red 383 
Orange 377-385 
Red 384, 385 
Red-and-white 385 
Tortoise-shell 377 
Yellow 158, 377, 379, 383, 384 
White spotting 384, 385 
Centers of pigmentation 372, 285 
Cercis Canadensis 186 
Ceuthophilus 159 
Chromatin elimation 350-352 
Chromidia 524 
Chromonema 365 
Chromosome theory 1, 107, 272, 283, 
284, 354, 362-365, 536 
Chiasmatype ‘hypothesis 121, 122, 136, 
161, 305 
Clones 404 
Cocker spaniels 369 
Coefficient of association 276 
Coefficients of correlation 336-347, 416, 
417, 430, 431, 436, 437, 450, 451, 464, 
465, 475, 476, 478-481, 487, 488, 490, 
493, 496, 506, 508, 510 
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Coefficients of regression 417, 463 
Coefficients of synapsis 17, 18, 37 
‘Coefficients of variation 171, 175, 322, 
327, 329, 332, 417, 423-428, 444, 445, 
448-450 
Coleus 530 
Core, L. J. 287, 204, 309 
Color patterns 156, 287-300, 366-386, 530 
ComEs, O. 311, 312, 313, 333 
Constancy of the genotype 165, 408, 409, 
522, 523, 527, 5290 
Correlation 
Avena 263, 264, 268-285 
Jeans 185-195 
Difflugia 410, 419, 428-437, 450- 
461-467-510, 530-532 
Nicotiana 174, 319 
Oenothera 220, 221, 227, 245, 246, 250 
Sugar beets 334-347 
Coupling (see linkage) 275 
Criss-cross inheritance 4, 9, 152, 541 
Crossing over 
Avena 272-285 
Cats 377-383 
Drosophila ampelophila 4, 6, 7, 45, 46, 
48, 107, III, 115, 116, 121, 122, 133- 
136, 536, 537, 549-571, 579, 585, 580 
Drosophila similis 600-604 
Primula Sinensis 377-383 
Crossover values I19, 276, 281, 604 
Avena 
Wild base-pwhescence on upper 
grain 270, 284, 285 
Pubescence on lower grain-black 
glume 280, 284, 285 
Drosophila ampelophila 
Blood-miniature 554, 556,566 
Buff-miniature 585, 588, 580 
Eosin-bar 117, 118 
Eosin-forked 117, 118 
Eosin-sable 118 
Eosin-tan 117, 118 
Eosin-vermilion 117, 118 
Forked-bar 150 
Fused-bar 150 
Rudimentary-forked 150 
Tan-vermilion 117, 118 
Tinged-bar 568, 570 
Tinged-miniature 563-566 
Vermilion-bar 118 
Vermilion-forked 117, 118 
Vermilion-miniature 7 
Vermilion-sable 7, 118 
White-bar 579 
White-miniature 552, 579 
Yellow-bar 8 
Yellow-blood 552 
Yellow-buff 589 
Yellow-cherry 8 
Yellow-eosin 8 
Yellow-forked 8 
Yellow-garnet 152 
Yellow-lethal 4 149 
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Crossover values (continued) 
Drosophila ampelophila (continued ) 
Yellow-lethal 6 149 
Yellow-miniature 8, 5890 
Yellow-sable 8 
Yellow-tan 8 
Yellow-tinged 562 
Yellow-vermilion 8, 117 
Yellow-white, 8, 552, 579 
Drosophila virilis 
Yellow-magenta 602 
Primula Sinensis 
Red flowers-long styles 358, 363 
Red flowers-red stigmas 358, 363 
CrowE, 'S. J. 102, 104 
Curtis, Maynig R. 252 
Curtis, W. E. 253 
CusHINnG, Harvey 90 
Cytoplasmic inheritance 523, 525 
Cytology 
Chromatin elimation in Oecenothera 
348-352 : : 
Non-disjunction in Drosophila 107-109 
Dachshunds 371 
Darwinism 525 
Datura Metheloido-Metel 316 
Datura Stramonium 316 
Datura Stramonio-laevis 316 
Datura Stramonio-Tatula 316 
Datura Tatulo-Stramonium 316 
Davenport, ‘C. B. 175, 388, 405 
DAVENP@RT, EUGENE 336 
Davis, B. M. 197, 199, 201, 203, 212, 
228, 240, 243, 245, 248, 250, 251, 3 
Death rate 186 
Deficiency 150 
Deformities (see abnormalities) 
Degeneration, nuclear 351 
Delayed .germination 198-202, 223, 228, 
243, 250 
pE Vries, H. 198, 200, 201, 202, 203, 204, 
206, 209, 210, 234, 236, 240, 241, 242, 
243, 245, 246, 249, 251, 348, 349 
Dexter, J. S. 156, 162 
Diabrotica soror 159 
Diabrotica vittata 159 
Differential fertility (see also sterility) 
319 
Differential mortality 186, 200, 220 
Differentiation of sex 109, 162 
Difflugia corona 404, 407-411-522-533 
Combinations of characters 452, 514 
Constitution 419 
‘Continuity 
‘Correlation of characters 419, 428, 
450, 461 
Deceptive correlation 467 
Depth of shell 426 
Description 411 
Diameter of mouth 427 
Diameter of shell 425, 453, 456, 
502, 495, 496 
Distribution of characters 444 
Diverse branches 514 
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Diffiugia corona (continued) 
Diverse families 461 
Diverse strains 437 
Length of spines 428, 456, 504, 505 
Mutation 483-485, 501 
Number of spines 424, 453, 487, 493, 
494, 502 
Number of teeth 427, 456 
Pedigrees 415, 422, 423, 441-443, 455, 
457, 458, 460, 473, 474, 483, 494, 500, 
513, 515-519 
Reproduction 412 
‘Selection in single families 472-486- 
521 
Diffiugia urceolata 524 
Dilution of pigments 143, 383, 585 
Dimorphism 
Sexual (see also bicolorism) 7 
Diploid chromosomes 350 
Discontinuity (see also mutation), 526 
Dogs 287, 367-375, 384-386 
Dominance 164 
Incomplete 164, 258, 262, 272, 285, 204, 
318, 596 
Modification of 105, 506 
Dominant red 371, 374 
Dominants selected 84, 614 
Don, GEORGE 3II 
Doncaster, L., 152, 153, 154, 156, 162, 
377, 378, 379, 380, 381, 383, 384, 386 
Dorsey, ‘M. J. 319, 333 
Double reciprocal hybrids 348-353 
Double crossovers 48, 133-136, 358-364, 
586-588 
Doubling of chromosome number (tetra- 
ploidy) 115, 161, 177-184 
DRINKWATER, H. 90, 96, 97, 106 
Drosophila ampelophila 1-52, 107-163, 
354, 362-365, 536-570, 581-583, 584- 
580, 596, 602-607 
Body color 
Black 132, 133 
Gray 550-554, 561-563 
Sable 4, 6, 7, 28, 20, 31, 32, 42, 117, 
129, 130, 131, 133, 134, 136, I51 
Tan 7, & 46, 47, 112, 113, 117, 116, 
I2I, 122 
Yellow 7, 35, 41, 50, 51, 122, 123, 133, 
149, I51, 535, 550-554, 561-563, 
579, 585-580, 603, 604 
Eye color 
Blood 535-537-539, 540, 542-545, 
546-548-550-552-556, 566, 570- 
572-574, 575-577-570, 581, 582 
Blood-tinged compound 570, 571 
3uff 548-500 
Cherry 7, 8, 148, 535, 536, 538, 539, 
548, 540, 550, 560, 561, 578, 579, 
588, 580 
Cherry-blood compound 548-550 
(Cherry-buff compound 588, 580 
‘Cherry-tinged compound 560, 561 
Cream a 147-149 
Cream b 149 
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Drosophila ampelophila (continued) 
Eye color (continued) 
Dark 148 
Eosin 7, 8, 19-25, 30-32, 34-52, III- 
114, 117-151, 535, 536, 530, 546- 
548, 558-561, 571, 578, 579, 581, 
582, 584, 585, 588, 580 
Eosin-blood compound 546-548, 581 
Eosin-buff compound 584, 588 
Eosin-tinged compound 558-560 
Eosin vermilion 7 
Garnet 136, 151-152 
Homo-pink 575-578 
Pink 123, 124, 127, 538, 572, 573, 
574-57 
Purple 152 
Red 4, 9, 10, 19-25, 28, 30-32, 34-36, 
38-48, 52, 112-115, 120-134, 137- 
140, 143-145, 535-537, 539, 540, 
541, 542, 545-549, 551-556, 562- 
575, 577, 578, 580, 582, 583, 585- 
587, 580 
Tinged 535-537, 539, 541, 542, 556- 
572, 575, 576, 577-570, 580 
Vermilion 4-10, 12, 13, 22-26, 28, 29, 
32-36, 38, 39, 42, 43, 45-52, I1I- 
114, 117, 118, 120-131, 133, 134, 
130, 139, 145, 147 
White 7, 8, 20, 22, 25, 30, 31, 38-41, 
44, 45, 47, 48, 122, 123, 120, 133, 
140, I41, 147, 150, 151, 535, 536, 
539, 542-546, 548, 550, 552, 553, 
555, 556-559, 570, 572, 573, 579, 
580, 582- 584, 585, 588, 580 
White-blood compound 542-545 
White-buff compound 588, 5890 
White-eosin compound 19, 24, 40, 
136-138, 141, 148, 150 
White-tinged compound 557-559 
Whiting 148 
Eye shape 
Bar 7, 8, 20-25, 30, 31, 34-36, 38-45, 
47, 48, 50, 51, 112-114, 117, 118, 120, 
124-126, 129, 130, 133, 137-141, 144, 
146, 147, 150, 151, 566-570 
Lethals 
Confluent 151, 602-604 
Deficiency 150, 151 
Lethal 4 149 
Lethal 6 149 
Lethal 7 149, 150 
Spine form 
Forked 7, 8, 42, 43, 50, 51, III-114, 
117, 118, 124, 125, 128-131, 134, 
136, 150, 151, 602-604 
Wing character 
Arc 127, 128 
Bifid 151 
Confluent 151, 602-604 
Long 32, 33, 40, 126, 552, 554-556, 
562-560, 582, 583 
Miniature 7, 8, 32, 33, 40, 126, 552, 
Rudimentary 150, 151 
554-556, 562-560, 579, 584-580 
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Drosophila ampelophila (continued) 
Wing character (continued) 
Short 151 
Speck 127, 128 
Spoon 149 
Truncate 582, 583 
Drosophila confusa 606 
Drosophila obscura 591, 604-607 
Extra bristles 604, 605 
Short vein 605 
Triangle 604, 605 
Drosophila similis 591, 605, 606 
‘Chocolate eye color 606 
Drosophila tripunctata 591, 606 
Drosophila virilis 151, 591, 592-602-604, 


, 4 
Body color 
Black 593, 597, 508 
Yellow 593, 599, 601-604 
Bristle character 
3ald 593, 5098-600 
Forked 593, 599, 600, 602-604 
Eye color 
Glazed 593, 5090, 601, 602 
Magenta 593, 599, 600, 602 
Steel 593, 507-590 
Eye form 
Morula 593, 597, 598 
Wing form 
Acute 592, 593, 597-5900 
Axillary 502, 593, 5905, 596, 598, 600 
Concave 592, 593, 597, = 
Confluent 151, 592-596, 600, 602-604 
DUNAL 314 
DurHam, F. M. 158, 163 
Dutch marked 301 
Dwarfs 198, 204, 217, 219-222, 225, 226, 
228, 233-235, 245, 248, 249 
East, E. M. 164, 166, 170, 173, 175, 176, 
199, 251, 311, 319, 322, 333 
Eastwoop, ALICE 205 
Ectrodactylism 90 
Electrical conductivity 188, 192-194 
Emerson, R. A. 173, 175, 176 
Environment 170, 176, 267, 320, 322, 357, 
393, 395, 309, 404, 410, 411, 423, 467, 
522, 530, 532, 537 
Equational non-disjunction 35, 39, 120- 
136, 148, 161 
Etiolation 234, 249 
Evanescent rosettes 219, 220 
Ewine, H. E. 403, 405, 527, 533 
Exceptions 9-18-52, 107-147, 152-161, 
175, 270, 377-384, 555, 572, 574, 500 
Extension factor 
Cats 384-386 
Dogs 369, 370, 373-375 . 
Guinea-pigs 291-309, 370, 384-386 
Extra bristle flies 604, 605 
Extra chromosomes (see non-disjunc- 
tion) 
Factorial constancy 165 
FARABEE, Wm. C. 90, 106 
Fasciation 191 















Fertility 311, 313, 315, 319 
Fibonacci series 54 (F in table 1), 57,71 
Fisu, H. D. 54, 55, 89, 370, 376, 608, 616 
Fission 524 
Rates 
Difflugia 414 
Paramecium 527 
Stylonychia 404, 529 
Flinty maize 164 
Floury maize 164 
Focke, W. O. 313, 314, 333 
Formulae 
Breeding results 53-88, 608-615 
‘Coefficient of correlation 417 
Coefficient of regression 417 
Coefficient of synapsis 17, 18, 37 
Coefficient of variation 417 
‘Crossing over 275 
Standard deviation 264, 417 
Fowls 158, 161 
Foxhounds 373 
Fox-terriers 372 
Freezing-point 188, 192, 193, 195 
FroLowA, SOPHIA 159, J 
Fundamental series 54 table I, 56-61 
GaLTON, FRANCIS 174, 287, 288, 309, 335, 
367, 360, 374, 376 
Gametic purity 165 
GArTNER, C. F. 313 
Gates, R. R. 157, 163, 177, 178, 184, 198, 
199, 245, 249, 251 
Geerts, J. M. 177 
Genotype 250, 409, 410, 522, 523, 525, 
526, 529 
Germination of seeds 
Nicotiana 170, 319 
Oenothera iok- 201-202, 216, 217, 2 
228-230, 243, 
Gigantism 204, ash-aie, 248 
Gopron, D. A. 313, 314, 333 
GotbscH MIDT, R. 348, 35: 
Gonomery 350 
GoopaLe, H. D. 280, 291, 206, 298, 304, 
306, 309 
GoopsPEED, T. H. 319, 333 
GortNner, R. A. 192, 196, 335, 347 
Gover, Mary 417 
Gradual change 477, 478, 480, 522, 523, 


ho 
Ww 


530, 533 
Gregory, Louse H. 404, 404, 527, 528, 
533 


Grecory, R. P. 115, 161, 163, 354, 355, 366 
Grosse, F. E. 178, 184 
Growth 320, 390, 400, 402, 404, 410, 411, 
_ 423, 444, 522, 530 
Guinea-pigs 287-309, 367, 370, 373, 378, 
383, 384-386 
Coat color 
Agouti 289, 302 
Agouti-and-red 302 
Bicolor blacks (see 
white), 289, 304 
Black 289-293, 206, 305-309, 378, 379 


black-and- 
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Guinea-pigs (continued) 
Coat color (continued) 
Black-and-red (see tortoise) 
Black-and-white 288-293, 298-306, 
308, 379, 385 
Black spotting 292, 295-298, 300-309, 
385-386 
Brown (see chocolate) 
Chocolate 289-292 « 
Chocolate-and-red 292 table 1 
Chocolate-and-white 291, 292 table 1 
Chocolate spotted 289, 292 
Cinnamon agouti 289 
Dilute tortoise 383 
Red 289-298, 300, 303, 305-308, 384- 


385 
Red- nde white 289-308, 385 
Red spotting 296, 
Tortoise 288-294-298, 301-308, 379 
Tricolor 287-292-299-309, 367, 373, 
374, 384-386 
White blaze 295 
White feet 295 
White spotting 288-306, 373, 384, 385 
Yellow 307 
Yellow-and-white 288 
Yellow spotted 383 
Constant factors 292 table 1 
Extension 291, 304, 307-309, 370, 384- 
86 


Eye color 
Black 291, 292 table 1 
Brown 291, 292 table 1 
Factorial analysis 290, 292 table 1 
Gynandromorphs 136, 161, 582, 583 
Hacepoorn, A. L. 371, 374, 376 
HANEL, E. 403, 405, 410, 534 
Harpy, G. H. 54, 89, 608, 616 
Harris, F. S. 334 
Harris, J. ArTHUR 185, 186, 192, 196, 
335, 347, 409, 534 
HAUSKNECHT 270 
Hayes, H. K. 164, 175, 176, 319, 333 
Height 
Nicotiana 319 
‘Sugar beets 339, 344, 347 
Herest, C. 351 
Herrpert-Nitsson, N, 175, 199, 200, 242, 
251 
Hero types 236, 237 
Heterosis 170, 314, 320, 323 
Heterosynapsis 12, 16, 28, 37, 115, 116, 
160 
Heterozygosity (see heterosis) 
Heterozygous species 200 
High non-disjunction 136-142 
High stigmas (see long style) 
Hocenson, J. C. 334 
Homosoynapsis 12, 16, 37, 160 
Homozygosis 165, 174, 316, 524 
Hooded rats 149 
Hybrid vigor (see heterosis) 
Hydra grisea 403 
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Hydra viridis 403 
Hype, Roscor R. 535, 548, 579, 581, 58 
582, 583, 606, 607 
Hyperphalangia 90 
Hypophalangia 90 
Issen, H. L. 287, 367, 370, 376, 377, 
378, 379, 386 
Inbreeding 70, 84, 165 
Incomplete dominance 164, 262, 263, 272, 
285, 204, 318, 506 
Infusoria 412 
Inheritance in populations 429, 430 
Inhei-tance within the family 472, 485, 
486, 514 
Inhibiting factors 151,, 272,.280, 371, 374, 
375 
Interaction of factors 357, 596 
Interference 364, 365 
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Jennincs, H. S. 53, 54, 89, 387, 399, 400, 
403, 404, pa 407, 411, 462, 486, 524 
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JoHANNSE N, W. 275, 286, 378, 386, 403, 
405, 409, 410, 526, 527, 534 
KayANnus, B. 175 
KeLty, J. P. 403, 405 
KrAFKA, J. 592 
Krause, LINA 350 
KREHL, R. 368 
LancG, A. 369, 376 
LAsHtey, K. S. 403, 495, 410, 411, 418, 
467, 527, 534 
Laskowsky, N. 334, 347 
Lathyrus 318 
Leipy, JosePH 428, 534 
Linaria purpureo-tz relsavis 316 
Linear arrangement 4, 7, 8, 362, 363, 364, 
604 
LINK 313 
Linkage 174 
Abraxas 152-155 
Avena 263, 264, 268-285 
Canaries 158 
Cats 158, 377-384, 386 
Drosophila ampelophila 1-4-52, 107- 
152-162, 354, 362, 535-5790, 581, 
584-590, 603, 604 
Drosophila obscura 605 
Drosophila virilis 592, 593, 599, 600-S04 
Guinea-pigs 291-309, 386 
Oenothera 245-247, 250 
Paratettix 156 
Pigeons 157 
Primula 354-366 
Rats 365 
Littie, C. C. 291, 307, 309, 360, 376, 377, 
379, 380, 386 
Loci (see chromosome theory), 4, 6, 
7, 8, 149, 284, 362, 536, 537, 542, 546, 
548, 550, 552, 556, 585, 58% 
Lock, R. H. 311, 317, 318, 333 
Long style 
Oenothera 207, 221-223, 227, 248 
Primula 354, 355, 358-361, 363-366 


G0 


Luffa acutangulo-cylindrica 316 

Lutz, ANNE M. 157, 163, 177, 236, 251 

Maas, H. 335, 347 

MacDowe Lt, E. C. 175 

Macrodactylism 90 

Maize 164, = 

Matt, F. P. 106 

Mammals a 

Man 90-106 

Mapes, HELENA 579 

MarryaTt, D.C. E. 158, 163 

Material basis of cece gg (see also 
chromosome theory) 52 

Matroclinous exceptions 9, 44, 159, 160 

Matroclinous hybrids 216, 246, 349, 351 

McQuinn, LENORE 579 

Mechanism of inheritance (see also 
chromosome theory) 190, 523 

Medullary rays 178, 179, 181-184 

MENDEL, G. 314, 317, 354 

Mendelian notation (see also nomencla- 
ture) 164, 176 

Merogony 348-353 

Metanodius II, 159 

Metz, B. S. 151, 163, 501, 593, 606, 607 

Metz, C. W. 108, 151, 163, 349, 591, 
593, mm 606, 607 

Mice 278, 370 

Mippieton, A. R. 404, 495, 411, 520, 534 

Mitvats, Sir Everett 367, 368, 373, 375 

Mitotic disturbance 582 

Modification (see environment) 

Modification of dominance 105, 506 

Modifiers 148, 585, 580 

Monstrosities (see abnormalities) 

Morcan, T. H. I, 2, 4, 79, 121, 163, 272, 
276, 283, 286, 280, 291, 205, 208, 304, 
306, 309, 362, 366, 536, 538, 546, 580, 
582, 583, 584, 580, 590, 507, 603, 607 

Mosaics 136, 161, 547, 548, 579, 581-583 

Moths (see also Abraxas and Aglia) 365 

Mutter, H. J. 1, 2, 115, 121, 163, 362, 
364, 366, 579, 584, 500, 507, 607 

Multiple allelomorphs 7, 8, 156, 157, 291, 
292, 306-309, 386, 535-578 

Multiple factors (see also plural fac- 
tors) 572, 578 

Multiple medullary rays 184 

Mutability 606 

Mutant hybrids 108 

Mutation 140, 141, 147-152, 161, 164, 
178, 199, 228, 272, 483- 385, sor, 526, 
529, =33, 536, 537, 530, 578, 3&4, 
591-007 

NABOURS, R. K. 156, 163 

NAcELI, C. 314 

Natural selection 185 

NaupIn, ‘Ch. 313-317, 333 

Negative correlation 268, 335, 
463, 471, 510, 511 

Negative effect of selection 393, 309 

Nematodes 10 


336, 461, 














Nicotiana 164-176, 311-333 
Corolla color 317-319, 333 
Corolla length 164-176, 321, 322-333 
Corolla shape 318 
Fertility 314, 315, 319, 332 
Height 319 
Leaves 320 
Pollen color 317, 318, 333 
Time of flowering 320 
Nicotiana alala 311-333 


Nicotiana alata grandiflora 312, 313, 317, 


323, 324, 330, 332, 333 
Nicotiana angustifolia 316 
Nicotiana commutata 314, 315 
Nicotiana Langsdorffii 311-333 
Nicotiana longiflora 166-175 
Nicotiana macrophylla 316 
Nicotiana Persica 314-317 
Nicotiana plumbaginifolia 168 
Nicotiana rustico-Texana 316 
Nicotiana Texano-rustica 316 


Niztsson-EuLr, H. 175, 260, 261, 262, 


267, 268, 269, et 283, 285, 286 
Nomenclature 7, 8, 291, 539 
Non-disjunction ey 107-162, 540 
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Autosomal 157, 161 
Cytology of, 107-111 


Equational 35, 39, 120-136, 148, 161 


High 136-142 


Primary 9-11, 30, 44, 119, 146, 154-1590 


Reductional 115, 122, 161 


Secondary 11-14, 28, 37, 30, 42, 45, 49, 


119, 120, 155, 156, I 
Somatic 136, 161 
Nucleus 351, 352, 523, 525 
Oat breeding 252-285 
Oats (see also Avena) 
Awns 254-258, 264-271, 284 


Base of grain 254, 257, 262, 263, 


264, 265, 268, 279, 281 


Cultivated base 255, 265, 206, 271 


Intermediate base 262, 263 


Wild base 254, 264-266, 268, 260, 


271, 285 


Color of glumes 255, 258, 259, 263, 


268, 269 
Black or brown 254-262, 264, 260, 


273, 274, 277-285 
Gray 259-262, 264, 269, 273, 285 
White 260-262 


Yellow 255-257, 259-262, 264, 260, 


273, 284, 285 


Pubescence 254, 255, 257-250, 269-270- 


274-277-285 
Varieties 


Kherson 252, 255, 256, 257, 250, 268 


Senator 256, 274 
Wild 253, 256, 257 


Oenothera 157, 161, 177-184, 197-251, 


348-353 
Abortion of styles 235, 236, 248 
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Oenothera (continued) 

Double reciprocal hybrids 348-353 

Etiolation 234, 249 

Evanescent rosettes 219, 220 

Flower color 204, 207, 243, 250 
Creamy white 243, 250 

Flower size 267, 218, 221, 222, 223, 
225, 227 

Genetic purity igo 

Germination of seeds 198, 201, 202, 
216, 217, 223, 228, 243, 250 

Gigantism 264, 236-239, 248 

Linkage 245, 247, 250 

Matrocliny 216, 246, 349, 351 

Mendelian inheritance 198, 218, 220, 
245, 246, 250 

Merogony 348-353 

Midveins, red vs. white 242 

Mutation 199, 228, 246 

Nanism 1098, 204, 217, 219-222, 225, 226, 
228, 233-235, 245, 248, 249 

Non-disjunction 157, 161 

Papillae, red vs. green 207-209, 214, 
216, 219, 220, 225, 229, 230, 247, 249 

Patrocliny 210, 212-214, 246, 349, 351 

Pollen sterility 207, 218, 220, 247, 250 

Seed sterility 200, 202, 204, 216, 220, 
226, 235, 236, 248, 250 

Sickle-shaped leaves 233, 234, 249 

Styles long vs. short 207, 218, 221-223, 
225, 227, 228, 231 

Tetraploidy 177-184 

Triple hybrids “g 245 

Triploidy 157, 204, 236-239, 248 

Twin hybrids a 244-246 

Wood structure 177-184 


Ocnothera albida 234, 249 
Ocnothera atrovirens 349 
Ocnothera biennis 197-251 
Ocnothera “biennis Chicago” 246 
Oenothera biennis cruciata 236 
Ocnothera biennis nanella 204 
Ocnothera bicnnis semi-gigas 204 
Ocnothera biennis sulfurca 204 
Ocnothera brevistylis 198, 235, 24% 
Ocnothera Franciscana 197-251 
Ocenothcra gigas 177, 198, 230 
Oenothera grandiflora 198, 199, 245, 248 
Ocnothera lacta 200, 246 

Ocnothera Lamarckiana 177, 198-200, 204 
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206, 210, 211, 228, 233-236, 239-242, 
244-246, 248 
Oenothera Lamarckiana cruciata 249 
Oenothera lata 157, 161 
Ocenothera leptomeres 236 
Ocnothera Millersi 236 
Ocnothera ‘muricata 201, 236 
Ocnothera nanella 204, 249 
Ocnothera nutans 245 
Ocnothera pratincola 177 
Ocnothera pratincola gigas 177 
Oenothera pycnocarpa - 
Ocnothera rubricalyx 1098, 245 





624 


Oenothera semi-gigas 204, 236-239, 248 
Ocnothera semi-lata 157 
Oenothera stenomeres 177-184 
Ocnothera stenomeres gigas 177-184 
Ocnothera sublinearis 234, 249 
Ocnothera velutina 200, 246 
Ocenothera venosa 349 
OtTTo 313 
Paramecium 387-405 411, 462, 486, 523, 
527, 529 
Abnormalities 529 
Conjugation 527, 52 
Growth 399, 400, 523 
Rate of fission 527 
Selection 387-404 
Negative effect 393, 300 
Size 387-404, 527 
Paramecium aurelia 387, 380, 391, 394, 
397, 400-404 
Paramecium caudatum 387, 390, 391, 393, 
304, 402, 527 
Paratettix 156, 157, 161 
Autosomal non-disjunction 
Multiple allelomorphs 
Paratettix melanothorax 156 
Parent by offspring mating 72, 75, 77, 86 
Parthenogenesis 403 
Partial extension 291-300, 384-386 
Partial restriction 386 
Patroclinous exceptions 9, 14, 37-44, 159, 
160 
Patroclinous hybrids 210-216, 246, 349, 
351 
Peart, R. 54, 59, 89, 175, 608, 616 
Pearson, K. 54, 89, 400, 410, 534, 608, 616 
Pedigrees 
Difflugia 415, 421-423, 441-443, 455, 
457, 458, 460, 468, 473, 474, 483, 494, 
500, 513-521 
Drosophila 14 
Man 96 
Personal characters 531 
Petals crumpled 222 
Petunia nyctaginiflora 316 
Petunia violacea 316 
Phalangeal joints 90-106 
Phaseolus vulgaris (see beans) 186, 195 
Phenotypes 165 
Puiuies, J. C. 175 
Puitiips, J. Mcl. 369, 370, 375 
Piebald (see black-and-white) 379 
Pigeons 157 
Blond vs, dark 157 
Extracted reds 294 
Non-disjunction 157, 161 
Partial sex-linkage 157 
Pink eye color 
Canaries 158 
Drosophila 123, 124, 127, 538, 572, 573, 
574, 575-578 
Plural factors 164, 174, 175, 324, 572, 


578 
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Pointer dogs 369 
Pollen color 317-318, 333 
Pollen grains 
Quadrangular vs. triangular 177 
Pollen sterility 207, 218, 220, 247, 250 
356 
Polydactylism go 
Polymorphic species 200 
Pomace fly (see Drosophila) 354 
Parent-offspring correlations 430, 431, 
435-437, 464, 465, 475-478, 480-482, 
485, 487, 490-492, 493, 495-497, 500, 
510 
Populations 53-89, 408-410, 419, 429, 
430, 444, 448-450, 452, 456, 459, 461, 
530, 531, 608-616 
Constitution 419, 437, 444, 462, 530 
Correlation 419, 428, 452, 456, 459, q 
461, 530 
Heterogeneity 408, 437, 444, 461, 462 
Inheritance 429, 430, 531 
Mendelian 53-89, 608-616 
Parent-offspring correlations 410, 430, 
431, 433, 435-437, 530 
Variation 419, 423, 444, 448-450 
Powe i, Horace M. 548. 570, 579, 579, 581 
Presence and absence hypothesis 262 
Primary non-disjunction. 9-11, 39, 44, 
119, 146, 154, 155, 157-159 
Primordial leaves 185-196 
Primula 115, 161, 316, 354-366 
Crossing over 358-366 
Double crossing over 358-364 
Green vs. red stigmas 354-306 
Linkage 354-366 
Magenta vs. red flowers 354-366 
Segregation in F, 316, 355-366 
Short vs. long styles 354-366 
Technique 355-357 
Tetraploidy 115, 161 
Primula officinali-grandiflora 316 
Primula Sinensis 115, 161, 354-366 
PriINGSHEIM, A. 530 534 
Probable error 174 
Pubescence factor 278-285 
PunNNEeETT, R. C. 158, 162, 175, 283, 285, 
366, 530 
Pure lines 349, 403, 409, 410, 437, 462 
Quantitative characters 165, 253, 317 
3eans 185-196 
Difflugia 419-533 
Nicotiana 164-176, 319-333 
Oenothera 177-184 
Paramecium 387-405 
Sugar beets 334-347 
Quetecet, A. 335 
Rabbits 
Black-and-tan 370 
Color factor 278 
Dominant red 371 
Rufus reds 371 
RAMALEY, F. 178, 184 














INDEX 625 


Random mating 53, 64, 80, 608, 609, 
615 
Rate of fission 
Difflugia 414 
Paramecium 527 
Stylonychia 404, 529 
Rats 149, 365, 379 
Reciprocal crosses 
Avena 257 
Drosophila 539-542, 544, 546-547, 555, 
560, 568, 572-577 
Oenothera 206, 212-216, 349 
Primula 359 
Recombination 172, 173, 324, 354, 400 
Red flower color, Primula 354-366 
Red papillae, Oenothera 207-210, 216, 
220, 226, 220, 247, 249 
Red stigma, Primula 355-365 
Reduction division 10, 13, 28, 29 
Reductional non-disjunction, 115, 122, 
161 
Reduplication 355, 360 
Regression 174, 324, 333, 403, 483, 496- 
499, 508, 512, 533 
Coefficients 417 
Remick, B. L. 608 
RENNER, O. 199, 200, 246, 251, 348, 353 
Repulsion (see linkage) 126, 275, 283, 
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Restriction 158, 371, 379, 382 
Retrogression 316 
Root, Francis M. 418 
Rudimentary wing, Drosophila 149-151 
Rufus red rabbits 371 
Sarir, SHELLY R. 580, 584 
Secondary non-disjunction 11-13, 15, 
16-18, 28, 37, 39, 45, 49, 119, 155, 
156, 160 
Secretion of sex glands 548, 579 
Sea urchins 351 
Seed sterility 198, 200-202, 216, 220, 250 
Segments of the antennae, Aphis, 403 
Segregation 316, 354, 360, 362 
Avena 261, 263, 264, 269, 273, 280, 283, 
285 
Nicotiana 174, 175, 320, 324 
Oenothera 197, 220, 228, 245-246, 250 
Selection 174, 297, 333, 387-404, 407- 
533, 611 
Selection of dominants 68, 84, 614, 615 
Selective elimination 149, 234, 247, 319 
Self color 289-308, 370, 371, 375, 378, 


379, 386 
Self-fertilization 69, 165, 174, 524, 612 
Self-sterility 
Nicotiana 313, 323 
Oenothera 204, 238, 248 
Separation of cotyledons 188, 189 
Series, fundamental 54 (table 1), 56-61 
SETCHELL, W. A, 168, 176, 312 
Sex chromosomes 2, 3, 5, 108-111, 150, 
162, 362 





Genetics 1: N 1916 


Sex comb 582 
Sex-determination 4, 5, 109, I5I, 152, 
156, 162 
Sex-linked inheritance 79 
Abraxas 152-156 
Aglia 158 
Canaries 158 
Cats 158, 377, 378, 380-382, 386 
Drosophila ampelophila 4, 108, 120, 152- 
158, 362, 536, 537, 540, 542, 550, 
556, 570, 572, 578, 579, 580, 603, 
604 
Drosophila obscura 605 
Drosophila virilis 592, 503, 599, 600, 
603, 604 
Pigeons 157 
Sexual dimorphism 538, 545, 547, 548, 
559, 581, 585, 5 
Shattering of oats 262, 284 
Suaw, V. 367, 376 
Shifting of mean and mode 477, 478 
Short style 
Oenothera 207, 218, 221-223, 225, 227, 
228, 231 
Primula 354, 355, 358, 359, 365, 366 
SuuLt, G. H. 175, 199, 245, 251, 349 
SIGLeR, RICHARD 579 
Silk worm moth 158 
Silky fowl 158 
Simplex condition 262, 263 
Single anthers, tests of 360, 366 
Single ovaries, tests of 361, 366 
Sister by brother mating 71, 72, 84, 85 
Size inheritance 164-176, 322-333 
Difflugia 419-423, 431-444, 462-469, 473- 
486, 495, 496, 498-505, 508-522, 531-533 
Nicotiana 164-176, 322-333 
Paramecium 527 
Somatic non-disjunction 136 
Somatic reduction 548 
Spine length (see Difflugia) 
Spine number (see Difflugia) 
SpPLENDORE, A. 312, 315 
Spore formation 524 
Standard deviation 264, 417 
StanpFuss, M. 158, 163 
Staphylea 186 
Sterility 
Cats 383 
Drosophila 9, 10, 39-41, 45, 159, 162, 
582, 595 
Nicotiana 313, 323 
Oenothera 198, 200-202, 204, 207, 218, 
220, 226, 235, 236, 245, 247, 248, 250 
Primula 356 
Stevens, N. M. 3, 108, 109, 159, 163 
Stigma color 
Green vs. red, Primula 355-365 
Stock1nG, RutH J. 404, 405, 411, 520, 534 
Stomps, T. J. 177, 203, 204, 209, 236, 243, 


251 
STONEHENGE (J. H. WatsH 368, 376 
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Stout, A. B. 530, 534 
Straight fingers 90-106 
Sturtevant, A. H. 1, 2, 121, 158, 163, 
274, 286, 362, 366, 572, 580, 584, 590, 
5901, 597, 606, 607 
Stylonychia pustulata 404, 529 
Sugar beets 334-347 
Days to mature 342, 344, 345, 347 
Height 339, 344, 347 
Number of leaves 343, 346, 347 
Number of stems 341, 347 
Sugar content 336-338, “gt 346, 347 
Weight 336, 337, 339, 340, 3 
Yield of seed 338, 339-341, 342, 343, 
347 
Supernumerary chromosomes (see non- 
disjunction ) 
Supernumerary toes 100 
Surrace, Frank M. 252 
Survival 185, 186 
Sweet peas 278, 318, 539 
Symphalangism 90-106 
Synapsis 12, 13, 28-30, 37, 111-115-119 
160-161 
Synapsis coefficient 17, 18, 37 
Syndactylism 90 
Systems of breeding 53-89, 608-615 
TALLQUIST 537 
TAMMES, TINE 175 
Tanaka, Y. 366 
Technique 
Breeding (see breeding) 
Card sorting 253, 265 
Computations (see also formulae) 
336, 388, 416, 417 
Cryoscopic method 192 
Culture 
Difflugia 414, 472, 528 
Paramecium 388 
Primula 356, 357 
Experimental germination (see ger- 
mination ) 
Killing and preserving, 388, 416, 427 
Microscopic measurements 388 
Pedigree records 415 
Teratological bean seedlings 185-196 
Tetraploidy 115, 161, 177-184 
Tuomas, N. 157, 163 
Tice, SABre Corpy 566, 570, 580 
Time of flowering, Nicotiana, 320 
Tortoiseshell coat color 
Cats 377-385 
Guinea-pigs 288-298, 302-308, 370, 378, 
379, 383 
Towar, J. D. 335, 347 
Tracheids 178, 179, 181 
Triangle wing character 604, 605 
Tricolor inheritance 
Cats 377-384-386 
Dogs 287, 367-375, 384-386 
Guinea-pigs 287-309, 367, 373, 378, 
384-386 
Tricotyly 190 


Total extension 304, 386 

Triple hybrids 244, 245 

Triploidy 157, 204, 236-238, 248 

Trow, A. H. 366 

von TSCHERMAK, E. 175, 270, 286 
Tupper, W. W. 177 

TurRNER, J. SIDNEY 369, 373 

Twin hybrids 200, 244-246 

Uniformity of first generation 316, 332 
Uniform pigmentation (see self color) 


375 
Uniparental inheritance 403, 407, 409- 
411, 486, 523, 526, 527 
Coleus 530 
Difflugia 404, 407, 534 
Paramecium 387-404, 486, 529 
Stylonychia 529 
Ursan, J. 335, 336, 347 
Variability of the F, 165-167, 171, 172, 
175, 322, 324, 327, 332, 333 
Variegation 530 
Vascular bundles 17 
Vegetative reduction 355 
Vegetative reproduction (see unipar- 
ental inheritance) 528, 530 
VeEypovsky, W. 365, 366 
Vitis 319 
Wacker, G. 90, 95, 96, 97, 98, IOI, 102, 
106 
Watsu, J. H. 368, 376 
W chromosome 153-156 
Webbed toes 100 
Weight index 188, 189 
Weight of beets 336, 337, 339, 340, 347 
Weight of seed, beets 338, 339, 340, 
342, 343, 347 
WEINMANN 3II 
WENTWORTH, E. N. 608 
Waite, C. be 253 
WHITING, WwW 158, 163, 296, 309, 377, 
378, on 380, 383, 384, 386 
Whiting eye color 148 
Wild base, oats 254, 264-266, 268, 260, 
271, 285 
Wild oats 253, 256, 257, 265 
Witson, E. B, 11, 158, 159, 163 
Wor, F. 530, 534 
Wooprurr, L. L. 400, 405 
Wood structure, Oenothera 177-184 
Wricut, S. 365, 366 
X chromosome 2-52, 107-152, 158-1 
536, 537, 544, 546, 548, 552, 557, 5 
582, 583, 586, 588 
XO males 9-11, 39-41, 45, 159 
XXX zygotes 9, II, 12, 17, 44, 119, 120 
135, 160 
XXY females 9-19-28, 37- Al, 44, 49, 
107-111-120, 122 130, 133, 136, I41, 
142, 159, 160 
XYY males 28-37, 160 
Y chromosome 3, 45. 108-111, 119, 159- 
162 
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Yellow body color Yellow spotting 383 
Cats 158, 377, 379, 383, 384 Yellow glume — oats 255, 257-264, 
Drosophila ampelophila 7, 35, 41, 50, 268, 260, 273, 2 
51, 122, 123, 133, 149, 151, 535, 550- Yellow vs. blue = 317, 318 
554, 561-563, 579, 585-580, 603, 604 Yue, G. U. 276, 286 
Drosophila virilis 593, 599, 601-604 Z chromosome 152-156 
Guinea-pigs 307 ZELENY, CHARLES 387 
Mice I51 ZueEwzerR, M. 524, 534 























